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While the primary aim of the_was to
ascertain the extent of the radar cross-section reduction attainable
by an electron cloud, a retrospective examination of the program
clearly showed that the development of the specialized equipment to
prove the concept in flight required by far the larger portion of the
contract effort. During the preparation of the final report, then,
it was not surprising to find that there was sufficient material to
be documented on the equipment effort alone to warrant an entirely
separate volume on that subject. The order of the chapters is
generally chronological, beginning with theory and experiments for
electron-beam~transmitting windows, following into the window tube
work and its more successful successor, the dynamically pumped gun,
and concluding with a description of the operation of the equipment
in the field.

Every attempt has been made to make the report complete.
However, the length of the program and the absence of any formal
reporting requirement during its first 80 percent make it entirely
possible that those preparing the final report have overlooked import-
ant contributions by others, some of whanare no longer even associated
with this organization. Where such omissions come to light, the
editor will appreciate being so informed, in order that he might

arrange for the necessary revisions in the document.

Approved For Release 2000/05/04 : CIA-RDP67B00657R000300080001-9



Approved For Release 2000/05/04 : CIA-RDP67B00657R000300080001-9

TABLE OF CONTENTS

Chapter 1 - Electron Beam Windows

1.01
1.02
1.03

1.0k
1.05

1.06
1.07

1.08

1.09

1.10

1.11

Chapter
"2.01
2.02
2.03

Introduction
Assessment of Power Iost by Beam in Al Foil
Figure of Merits of Different Materials as
Electron Beam Windows
Spencer Thick Target Theory
Estimated Thermal Gradients for Thin Foil
Windows
Mechanical Stresses
Be as a Window Material
Be TFoil
Pinhole Leaks
Improved Materials
The Be Joining Program
Welding
Spot Welding
Electron Beam Welding
Diffusion Bonding
Brazing of Beryllium
Ultrasonic Welding
Testing of Experimental Be Windows
Methods and Apparatus
Test Results
Aluminum Windows
Comparisons with Be
Joining Problem
Coined Al Window Approach
Testing of Al Windows

Miscellaneous Window Materials and Techniques

lockalloy

Silicon

Ag-Mg

Pyrolytic Graphite

Vacuum Evaporated Be Foil
Cyrogenic Approach to High Power
Conclusions

2 =~ Window Tubes

Introduction and Swmmary
Machlett Cathodes
Adjustable Cathode
Design
Fabrication
Testing
Modifications Recommended
AdJjustable Cptical System

to

to
to

to
to
to

to

to

to

to

to
to

1.11-4

-13

~33
-4l
-4

Approved For Release 2000/05/04 : CIA-RDP67B00657R000300080001-9



Approved For Release 2000/05/04 : CIA-RDP67B00657R000300080001-9

e

.

O OO
O o=

Chapter
3.01
3.02
3.03
3.04

Chapter
4.01
k.o2

4.03

L.ok4

4,05

L.o6

Approved For Release 2000/05/04 : CIA-RDP67B00657R000300080001-9

-2 -

Demountable Tubes
Testing Windows with Demountable Tubes
Prototype Tubes
Introduction
Assembly
Vacuum System
Automatic Baking
Insulation System
Tube Shipment
Flight Tests of Dummy Tubes
Alternate Approaches

- Dynamic Pressure Staging and Heraeus Gun
Introduction
Pumping Design
Design Diagram for Dynamic Pressure Staging
Pumped Gun Application

Introduction

Modifications

Installation

- C=Gun and Bolt Cathode
Introduction
The Bolt Cathode
Introduction
General Design Considerations
Assembly Procedure
Performance
Vibration Testing of Bolt Cathode
Electron Optics
Summaxry
Laboratory Tests
C~Gun Laboratory Experiments
Insulator Development
Vibration Testing of Cone and Cathode
Assembly
C-Gun’ Vacuum System
Refinements over Heraeus
Sorb Pump
Design Diagram
Control Valves
Ejector Valve
Beam losses
Calculation of Single-Scatter lLosses in Gun
External Beam Scattering Measurements

Pages
1 to 2.04-3

2.0k-
2.05-1
2.06-

o
S OO

WwWwwww
QOO OO

to

-
=T

to 3.04-8

to
to
to

-l
-8

to L4.08-4

to

to

to

to

-12

-8



Approved For Release 2000/05/04 : CIA-RDP67B00657R000300080001-9

Chapter
5.01
5.02
5.03
5.04

2405

5.06

Chapter
6.01
6.02
6.03

Installations

Operating Procedure
Introduction
Removing Transition Section
Exhaust and Outgas
Seasoning
Anode Tuning
Catcher

- Power Supplies and Controls

Introduction

Comparative Weight Study

Q-Supplies

C=-Supply Circuit Selection
Resonant Transformer Circuit

Higher Frequencies for Conventional Circuits

Voltage Multiple Circuits
Phase Balancing Network
C-Supply Description
Experience
C-Supply Welghts
Control and Telemetry

- Field Support Equipment and Procedure
Introduction
Cround Support Equipment
Flight Test Operating Techniques
Preflight Preparation
Procedures during Flight
Postflight Items
Recommendations
Maintenance and Modifications
Records and Systems
Maintenance Philosophy
X-ray Protection of Personnel
Reconmended Modifications
Introduction
Gun
Power Supply
Cooling System
Mounting -
Environmental Test, Loads and Temperatures
Support Equipment

to

to

to

to

to

to

to

to

5.06-5

-2
-4
-10

Approved For Release 2000/05/04 : CIA-RDP67B00657R000300080001-9



Approved For Release 2000/05/04 : CIA-RDP67B00657R000300080001-9

1.01 - 1

CHAPTER 1
ELECTRON BEAM WINDOWS

1l.0l. Introduction
The design of a window device for transmitting electron beams

into an atmosphere having pressures from several torr to atmospheric
pressure depends on several technical factors. The thin foil which
constitutes the window should not present an excessive absorption
cross-section to the beam. It must be capable of dissipating the
power lost by the beam as it traverses the material without excegsive
thermal gradients and, most important, must be able to withstand the
mechanical forées produced by thermal stresses and the pressure of the
external atmosphere.

The problem of theoretically computing whether a given window
configuration will stand up when transmitting the desired amount of
power requires determining the energy losses within the window as a
function of the transmitted power, calculating the thermal gradients
and mechanical stresses associated with this loading and with the
pressure differential across the window and comparing the result with
data on mechanical strength of the window material at the temperature
in question.

In the sections which follow, the losses assoclated with the
passage of high speed electrons through different materials will be
discussed, the thermal gradlents associated with different configura-
tions will be computed, the mechanical stresses dlscussed, and a

comparison made with experimental data.
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1.02. Assessment of Power lLost by Beam in Al Foil
Bethe(l) has given the following expression for the average
energy 1loss per unit path length for a charged particle traversing

matter:
o2 fg
dE £(E) = L Ne In mv=V 2 (ergs/cem) (1.02.01)
ax T2 2T
mv
where N = number of electrons per cm3 of matter
: - € = charge of electron
m = mass of electron
v = velocity of incldent electron
e .= 2.718 7
I = average excitation energy of the atoms being traversed.

The energy lost by a given particle in traversing a thin section
of window material in which electron scattering may be considered neg-

ligible can be obtained by integrating Egq. 1.02.01.
'E o] E
0 ae - - o dE
El b4 E

where EO is the energy of the incldent particle and E is its energy at

a distance x within the material. The ) function easily lends

1
(=
itself to graphical integration methods, so that a convenient solution
is available once the dE/dx function has been determined.

1. Bethe, H.A., Handbuch der Physik (Julius Meyer, Berlin, 19663)
vol. 2k.
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Iane and Zaffarano(g) have evaluated Eq. 1.02.0L for electrons

traversing aluminuifoil and obtained the following equation:

48 (.307) () 5 [in (511 62) + 3.66] kev/mgfem®  (1.02.03)
p

where 2 is atomic number, A is atomic weight, and B = v/c is the ratio
of the particle velocity to the velocity of light.
In evaluating Eq. 1.02.01 for Al, they employ the value of 150

ev for I, and have solved for N as follows:

N = 2%2: (1.02.04)

where n 1s Avogadro's number, and p is the density of the material.
Fig. 1.02.01 gives a plot of Eﬁ%ﬁi vs. kv as derived from
Eq. 1.02.03. The upper curve represents the actual curve obtained
directly from Eq. 1.02.03. The lower curve incorporates a 1.45 factor
reduction obtained by observing the departure of theory from experiment
as plotted for Al foil in Figure 19 of Reference 2. Part of the dis-
crepancy between theory and experiment was due to the fact that the
electron energy losses determined from the Bethe equation are taken
along the actual path of the electrons in their zig-zag course through
the material, whereas the desired result relates to the attenuation of
beam power with thickness in a given direction through the material.
In section 1.04 a more sophisticated theory which takes electron
scattering into consideration will be discussed. Use of the corrected
curve to obtain the energy loss from the beam as a function of window
thickness is exemplified by the cross-hatched area. Determination of
this area, of course, represents the integration of Eq. 1.02.02

referred to previously. The area of the cross-hatched section thus

2, R. O. Iane and D. J. Zaffarano, Transmission of O to 50 kv
Electrons by Thin Films with Applications to Beta Ray
Spectroscopy, (U.S. Atomic Energy Commission 1S5C-439, Dec. 1953.)
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represents the mg/cm2 of Al foil which will reduce by 10 kev the
average energy of electrons which are incident at 110 kv, From the
curve we see that this area turns out to a close approximation to be
(.22)(10) = 2.2 mg/cmz, which corresponds to a thickness of 8.2u or
.32 mil. Thus a 110 kv beam will lose approximately 10O kev in
traversing a .32 mil thickness of Al foil. The calculations in
section 1.04% on the heat dissipation problem are based on a 10 kev
loss in a 1/3 mil foil, corresponding to an 8.5u thickness. A 110
kv primary voltage is assumed. '

On s more formal basls, it is evident that the cross sectioned
area of Fig. 1.02.0L represents the window height per unit area M
necessary to produce an average energy loss E per electron in a given
electron beam. It is given approximately by the product —ivaf-at the
appropriate location of the curve and El the energy loss per electron.
Thus the average energy loss per electron can be expressed by the

following equation:

1
where D is the thickness of window material and dE/dx is the energy

loss per unit weight per unit area. For beam current I, the energy

aE ag
E, = Mg2=pDg | (1.02.05)

per second expended by the electron beam in traversing the window 1is

given by the following equation:

- - m3E L di
W= IE = IMg; = IoD g5 (1.02.06)

It is apparent that electron range, which is defined as the
amount of material necessary to reduce the energy of the incident
particles to zero, is obtained by integrating Fig. 1.02.01 over the
whole area from the desired incident energy to zero energy.

As a means of obtaining the order of magnitude of the energy
losses involved when an electron beam traverses a material, the mg/cm2

required to achieve a given energy loss in Al foil is plotted in

Approved For Release 2000/05/04 : CIA-RDP67B00657R000300080001-9
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Fig. 1.02.02 for 100 kv, 125 kv and 150 kv electron beams. These data
are obtained using the corrected curve of Fig. 1.02.0L assuming

it is linear in the region of interest. The thickness of Al foil
necessary to produce a 10 kev energy loss in Al foil is thus 2.1, 2.4
and 2.75 mg/cmz, corresponding to thicknesses of 7.8, 8.9 and 10.1
microns for 100, 125 and 125 kev electrons respectively.

It is important to note that the loss in the window increases
as voltage is decreased. The maximum loading of the window will be
determined by the maximum allowable temperature gradient required to
dissipate the window heat losses incurred by the beam to an assumed
heat sink adjacent to the window. In section 1.05 this maximum
loading is assumed to be 30 ma for a primary beam of the order of
110 kv. For 8.5 micron Al foil, the loss per electron is about
10 kev. The heat loss in the window is thus approximately (10,000)
(.030) = 300 watts. Table 1.02.01, below, shows how the kev energy loss
varies with primary beam voltage, as well as how beam loading must

be varied to keep the energy losses at the window constant.

Table 1.02.01 - Energy Loss in 8.5 Micron Al Window, Also Tube
Maximum Allowable Current for 300 Watt Loss

Primary Anticipated Energy Loss Maximum Allowable Current
kv in Window in kev in Tube in ma
149 ) 7.9 38
110 10 30
81.5 13 23
58.3 16.6 18
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1,03. Tigure of Merits of Different Materials as Electron Beam Windows

Theoretical values of dE/dx and range for a number of different
materials have been determined by Nelms(3) as a function of the energy
of the incident electrons. Using these data, curves similar to
Figs. 1.02.01 and 1.02.02 can be plotted and the energy loss determined
as a function of the thickness of the material employed. Theoretical
data obtained in this fashion may be subject to the same order of
correction which has been made for Al foil in section 1.02. From
Fig., 1.02.02, particularly for higher energies, it is evident that
the energy loss in traversing a given material can, to a reasonable
approximation, be assumed to be linear with the thickness of the
material. .

The thermal figure of merit can be derived from the f'ollowing
considerations if we neglect all heat losses from the window except
thermal conductivity losses, From heat theory the temperature
gradient across a window having thermal conductivity k, separated

by a distance A from a heat sink, can be expressed by the following

equation:

AT = %%5 (1.03.01)

where W is the energy/sec absorped in the window, L is the length of

the beam and D is the thickness of the window.
Substituting Eg. 1.02.06 in Bq. 1.03.01, we obtain

' di

) AID (HE P

AT = D (1.03.02)

The thickness of the window D, which is present in both denomi-
nation and numerator of Eq. 1.03.02, cancels out. Thus the temperature
of the window is substantially independent of window thickness.
Essentially, this means that the improved thermal conductivity obtained
by increasing the thickness of a given window is cancelled out by
proportionate increase in the energy losses experienced by the beam

a8 1t traverses the thicker window.

3. A. T. Nelws, "Energy Loss and Range of Electron and Position,"
Approved ForBL183Le 50t0105/04 : CIA-RDP67B00657R000300080001-9
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If the thermal figure of merit is taken as being proportional
to l/AT, then for a given beam size, current and window geometry,
we can define an electron beam window thermal figure of merit F by

the following equation:

k
<)
dx

where k is thermal conductivity, o is the density of the material and

F o= (1.03.03)

o(

dE/dx is the energy loss per unit weight per unit area incurred by

the beam in traversing a given window material.

The relevant physical parameters of a number of window materials

are listed in Table 1.03.01 including the thermal figure of merit F

for 100 kv electrons as defined by Egq. 1.03.03. Since F is proportional

to l/AT, a knowledge of F permits ready assessment of the maximum

temperature assoclated with different window materials once the tempera=-

ture gradients associated with one given material have been determined.

The values listed in Table 1..03.01 represent uncorrected
values of the electron beam energy loss parameters. For this reason
the energy losses assoclated with aluminum are somewhat lower on
this table than the corrected values determined from Fig. 1.02.01.

For very thin windows 1t is believed that the use of Table 1.03.01

to compare the theoretical performance of different materials with

the theoretical performance of Al will give reasonably accurate

answers when referred to thermal data for Al for which corrected values
have been obtained. Since the calculations of section 1.04 are based
on corrected values of Al, comparisons of different materials using
temperature data taken from section 1.04 will give "corrected" thermal
numbers for other materials.

Comparing, for example, the figure of merits of Al vs. Ag, we
obtain a ratio of 5.9/3.9 = 1,52 in favor of Al. Thus, if, as discussed
in section 1,04, the window has been designed to limit the window
temperature gradient to lSOOC for aluminum with a 300 watt heat input

.
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to the window, then an Ag target would operate with a temperature
gradient of (150)(1.52) = 227°C under the same beam and window
geometry conditions. As indicated previously, the temperature condi=~
tions derivable from the thermal figure of merit are independent of
window thickness. For thicker foils with fractionél.ranges in excess
of 0.2 or 0.3, Spencer's theory (section 1.04) showed give more
accurate results.

It is evident that the maximum temperature experienced by
a8 window is only one of several parameters which must be evaluated
in selecting the window for an electron beam tube. One of the major
factors which must be considered relates to the window thickness
required to withstand the pressure differentials across the window
at the temperatures associated with operation of the tube under
maximum loadings. Still another important parameter relates to
the output power which is transmitted through the window at the
thickness in question, which is, of course, the total beam power
minus the energy losses incurred in the window, An even more import-
ant factor are the thermal stresses incurred as related to the physical
properties of the window at the temperatures in question.

Taking subscript 1 to apply to Al, and subscript 2 to apply
to Ag, the ratio of the window absorption losses in Al to those in
Ag from Equation (5) are as follows:

dE
(B p,Dy (F)

)
171 1
272 'ax’‘z2

It is evident that we can define still another electron beam
window figure of merit which will permit direct comparison of the
absorption losses incurred by the beam in traversing equal thicknesses
of different materials. From Eq. 1.03.0k for a given value of D, this
figure of merit which applied only for very thin parts is given by
the following equation:

Approved For Release 2000/05/04 : CIA-RDP67B00657R000300080001-9
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1
E = QE) (1.03.05)
o dx

Values of this figure of merit are also listed in Table 1.03.01.
It is important to bear in mind in using E to compare the electron
absorption losses of given materials that window thickness must be
taken into consideration, whereas, the use of the F figure of merit
for thermal gradient comparisons is- independent of window thickness.

Returning to the comparison of Al and Ag, we observe El/E2 =
.ll/.Oh = 2,75. Thus, if a 10 kev loss is incurred by a 110 kv electron
beam in traversing an 8.5u thickness of Al, a 27.5 kev loss will be
experienced by the beam in traversing an equal thickness of Ag for
thicknesses where scattering is not excessive. 1In order to obtain
the same power output through the Ag window as is obtained through
the 8.5@ Al window, the Ag window thickness according to the simple.
theory must be reduced by a 2.75 factor to 8.5/2.75 = 3,1y, The 3.1lp
window must be able to withstand the required pressure differentials
at 22700 compared to similar requirements on the 8.5u4 Al window at
150°¢.

Column 8 of Table 1.03.01 lists the relative temperature
gradients computed for different window materialsvon the basis of the
thermal factors F assuming that the beam and window geometry will
produce a lSOOC temperature gradient for AL foil. This column is
independent of window thickness for the range of thickness for which
the linear approximation holds. Column 9 gives the window thickness
of different materials required to produce electron beam power out-
puts equivalent to that obtained for 8.5 micron Al foil for which a
10% power loss has been calculated.

Materials having low figure of merits F will have temperature
gradients which are so high that other means of heat dissipation such
as radiation cooling can no longer be consldered negligible. The
total area of the window bombarded by the beam is .3 cm2 on the basis

of assumptions made later. A black body having this area at

Approved For Release 2000/05/04 : CIA-RDP67B00657R000300080001-9
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lOOOOC will radiate 4.5 watts. At EOOOOC a black body having this area
will radiate 45 watts. Thus, heat dissipation by radiation does not
get to be a very major factor for window inputs of the order of 300
watts.,

Column 10 gives the total 100 kv range of different window
materials computed by Nelms,<3) and column 11 gives these range data
in microns.

While data in this report are restricted to metal folls, pro-
mising materials are by no means limited to metals. A major problem
associated with non-metallic materials relates to the low thermal
conductivities frequently associated with them. However, some such
materials have relatively high thermal conductivities. For example,
the thermal conductivity of BeO at room temperature is comparable
with Be. Unfortunately, the thermal conductivity of BeO drops from
.63 at 20°C to .07 at 800°C making it more difficult to capitalize
on the superior high-temperature properties of this material.

Data of the type shown in Table 1.03.01 can be used to make
& direct comparison of materials for thin foil windows. Column 9
of the table represents the approximate thickness of a given material
which will produce a 10% loss in an electron beam operating in the
100 to 110 kv range. Column 8 indicates the temperature gradient
from the center of the window to its edge which the window will
assume under operating conditions. As noted previously, ‘this tempera-
ture is substantially independent of window thickness.

Columns 8 and 9 in a sense may be considered as defining the
requirements on the material imposed by the conditions of sérvice.

It is then only necessary to consider the strength of the material
as a function of its thickness at the required operating temperature

for the thermal loading stresses produced in order to compare different

Approved For Release 2000/05/04 : CIA-RDP67B00657R000300080001-9
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window materials. An extra premium results if a material will meet
the operational conditions in a thickness which is less than the 10%
loss thickness defined by column 9 of the table. Thus, if 1.5 microns
of silver will meet operating conditions, then it is evident that

the power loss to the window will be reduced by a factor of 2 from
10% to 5% of the total beam power.
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1.04 Spencer Thick Target Theory

Spencer(u)(s) has developed a theory from which energy
losses incurred by high speed electrons as they traverse a plane
perpendicular target of infinite thickness can be calculated as a
function of their fractional range. It was felt that computations
pvased on his data could be used with a fair degree of confidence
for thicker targets (in excess of 0.2 to 0.3 fractional range)
gince fairly good correlation with experimental results were
obtained. A brief review of the calculations based on Spencef‘s
data follows using the following definitions:

Iet I(z) dz be the energy dissipated per sguare centimeter
in a plane layer between 2z and z + dz. I(z) dz represents the
average energy per electron dissipated in the plane layer between
z and z + dz, r,=7r (Eo) is the residual range of the electrons,

as measured along their path.

(%% = the stopping power of electrone at the initial

o]
energy of the source Eo'
X = Z_ the fractional range or thickness z transversed
o]

through material divided by residual range for initial energy Eo.

J(x) = I(z)/(%%)E is the de-dimensionalized energy
o]
distribution for the plane perpendicular case.
To obtain the energy loss (AV)L incurred in penetrating
a given material to a thickness 245 it is necessary to integrate

I{z) dz

4., L. V. Spencer, "Energy Dissipation by Fast Electrons,"
NBS Monogram No. 1, Sept. 10, 1959.
5. L. V. Spencer, Phys. Rev., 98, 1597 (1955).
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0
(AV)L =j' 1(z) dz

%1
By substitution, recognizing that dz = L dx, we obtain:

° dE
(Av)L=f 7)) rax.
xl Eo
For a given rO and (%%)E are constants. The curves
o}

of AE versus fractional range for Pb, Sn, Cu, Al, C and Au shown on
Fig. 1.04.01 were obtained from the tabulated values for J(x)
published in Spencer's report using Simpson's rule for accomplishing
the integration. Spencer gives his data as a function of increments
M of .025. Sone loss in accuracy was incurred in the interest of
saving time by meking the calculation using &x = .05 as the basic
increment for the integrations. When (%%) is expressed in mg/cmz,
(AV)L is determined directly in kv. B,

The concept of fractional range is used to eliminate beam
voltage as a parameter on the graphs. For veltages of present inter-
est, say 50 to 200 kv, there is little change in the data represented
in Fig. 1.04.01 with change in beam energy. The decrease in the
fraction of beam energy absorbed with increase in voltage is deter-
mined by the decrease in fractional range which occurs for a given
thickness material as the voltage is increased due to the increase
in range with voltage. The dashed lines in Fig. 1.04.01 represent
the fraction of ‘the total energy reflected at high values of fractional
range.

In interpreting Fig. 1.04.01 it is important to keep in
mind that Spencer's '"thick' target assumption gives larger values
of AE for a given value of X than would be expected for & foil of
comparative thickness. TFor example, the 31% of electron beam energy

absorbed in traversing 20% of the range is based on the assumption
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that the actual material is thicker than the fractional range thick-
ness under consideration. Thus the 31% absorption figure includes
some backscatter from sections of the material which are thicker than
the 0.2 fractional range for which AE is determined. A foil having a
thickness corresponding to fractional range of 0.2 would lose less
energy than would be expected on the basis of Spencer's thick target
theory since it does not have thicknesses beyond 0.2 of the frac-
tional range to cause scattering back into the thickness of interest.

Berger has applied a Monte Carle method in the application
of the transport of fast charged particles to compute reflection
and transmission characteristics of thin aluminum foils. His data
which has fairly good agreement with experiment, include quantitative
information on électron beam energy changes as will numerical infor-
mation on changes in numbers of electrons as a function of the direction
of the incident electron beam and its initial energy. Fig. 1.04.02
gives a direct comparison of Berger's results for electrons have a
90o angle of incidence with Spencer's results which also assumes
normal incidence. ‘

The following definitions are used in Fig. 1.04.02:

AE = fraction of beam energy absorbed

AN = fraction of total number of electrons absorbed

RE = fraction of beam energy reflected

RN = fraction of total number of electrons reflected
?E = fraction of beam energy transmitted
TN = fraction of total number of electrons transmitted

As would be expected, the fraction of energy abgsorbed, AE’
predicted by Berger for thin foils is significantly less than is
obtained by Spencer on the assumption of electrons impinging as a
material of infinite thickness. The fractional absorption loss for a
foil having a fractional range thickness of 0.2 is only about 22%
as compared to the 31% obtained from Spencer's thick target theory.

Approved For Release 2000/05/04 : CIA-RDP67B00657R000300080001-9
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From Berger's data in Fig. 1.04.02 about 90% of the
electrons are transmitted through & thin foil having & thickness
of 0.2 of the fractional range, but only about 72.5% of the energy
is transmitted. About 8% of the electrons are reflectedo These
reflected electrons take with them about 5% of the total incident 'A
energy. Two percent of the electrons are neither accounted for by
transmission or reflection and thus are assumed to be captured
‘within the boundries of the foil. |
In Fig. 1.0k.03 the fraction of beam energy absorbed AE’
.is plotted as a function of atomic number for different values of
fractional range for a target of infinite thickness. The fractional
reflected energies corresponding to large values of fractional range
are shown at the top of the figure. As shown in Berger's data in
Fig. 1.04.02, full reflection takes place once the thickness of a
given material approaches about 30% of the fractional range.,
A In order to simplify obteining data for different materisals,
“range data obtained by Nelm's are plotted in Fig. 1.04.0k as a
' functlon of atomic number for different values of kv. Nelm's data
on range translaeted in thickness of foil in nils as a function of
kv in the voltage range of interest. are shown in Fig;'l.oh.OB. '
| Spencer's dataare applied to foils of different materials
- to give the sum of AE as a functiopwpf foil thickness for the 125 kv
electrons plotted on Fig. 1.04.06. Since the ranges of different
materials have roughly ‘the same varistion with change in kv, the thick- .
ness of folls corresponding to the AE values shown in the curves can
be estimated Ffor 150 kv and 100 kv by multiplying the thickness of
foll as given in the absence of Fig. 1.04.06 by 1.3 for the 100 kv
case and by .7 for the case of 150 electrons.
Fig. 1.04.06 can be used for comparing absorption raises
.for Al foil with those obtained in the earlier diséussion. The com-
parison tabulated below for .32 mil Al indicates that the estimate
First obtained for Al was reasonable.
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Source of Information KV Ag
Fig. 1.02.01 110 .091
Spencer 125 116
Spencer - 100 .150
Berger 125 .08
Berger 100 .102

In this report unless specified otherwise, Berger's data
will be used for Al. Data for all other materials will be baéed on
Spencer's thick target theory. For low atomic number materials
where back reflection is minimal, excessive loss of accuracy would
not be entailed. However, for high atomic materisls such as Cu and
Ag, serious errors may be incurred for thickness corresponding to
low values of fractional range. For very thin materials at high
atomic number it is possible that more accurate estimates can be made
from eq. 1.02.06.

In order to apply the consideration on losses Just discussed
usefully, it is desirable to have available the constant of propor-
tionality between the power lost in a given window, Q, and the useful
transmitted power U. This constant of proportionalities is derived
as follows: '

The total input of the beam W =Q+ U+ W vhere WR is

‘the power reflected from the window and Q is the power lost in the

window proper. From consideration of Fig. 1.04.Ol and 1.04.03 the
absorbed energy becomes prohibitively high as atomic number is in-
creased. For lower atomic number to which our attention is restricted,
the fraction of electrons reflected. is less than 10% and is neglected
in these considerations.

Wy = Q+U - 1.04.01
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By substitution for W, in eq. 1.0k.01
(1= Ap) -
U= A.EAE = Q(f) 1.0)4-.03
(1 -4, .
where f = AE is the constant of proportionality between

useful and absorbed power.
In applying the data derived in this section and practical

windows it is important to make sure that electrons scattered in
traversing a given window are transmitted as & result of the ,

particular window configuration employed.
Values of f as a function of kv are plotted in Fig. 1.04.0T

" for different thicknesses of Be end Al foil. It is interesting to
note that the péwer transmitted through a 0.5 mil Be foil at 150 kv
is 19 times the power absorbed. Thus a window design having 0.5 mil
Be which will dissipate 200 watts should transmit almost L kw of
power. A half mil Al window will transmit about half this power for

the same sbsorbed power.
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1.05, 'Estimated Thermal Gradients for Thin Foil Windows
Assumption of Negligible Thermal Gradient Across Beam:

.03 em —-éi L 1&—
|

V4 ~— .
- D = 8,5 ;,10 cn

Assume 0,3 mm wide beam landing on the Al foil window shown.
The power gbsorbedin window will dissipate to the wall according to the

equation:

A (1.05.01)

AT = kLD

T\JIE!

where W is power in calories/sec absorbed in window, k is thermal con-
ductivity, AT is the thermal gradient across window, L is the length of
spot and D is thickness of window. Substituting in Eq. 1.05.01 on the
assumption that 300 watts = 72 calories per second is absorbed in the
. window, A = .0l em, D = 8,5 x 10 -k emy, k = 0.5 cal/cm /sec, and solving

for L for AT = 150°C, we obtain L = 5.6 cm = 2.2", The assumption of 300
watts dissipation is, of course, equivalent to a tube loading of 30 ma for
a 10 kev energy loss per electron. In the previous sections, it was
determined that a 10 kev loss is reasonable for the assumed thickness of
foll for primary beams of the order of 110 kev. .

The power dissipated by radiation and other mechanisms for
removing energy from.the winddw have been neglected in these calcula-

tiqns.
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Deﬁermination of Thermal Gradient From Center to Edge of Beam for the Condition
- Above:

Beam

<—C ~—>1£-0
/

L
| "’Ax—>| e W T= 8.5 x lo"LL cm.”

= power density in calories/sec/cmg, assumed uniform, being

Let Q = zo=
absorbed. by window in the region of direct beam landing, where C = .015 cm
“is the 1/2 width of beam, and Q = xQ_L is the absorbed power which is
flowing through differential element dx at dilstance x from center of beam
toward the edge of window. From heat conduction theory:

. % (1.05.02)

at
dx
and
' 2

m o Q Lxdx ) Qo xdx C Q.
AT=f’ df.u=-f' -—k—ﬁ—:-f T~ 55D (1.05.03)
Iy - Jo » c .

where Tm and T are steady state temperatures at x = o0 and x = C respec-
72 2 '
tively. For the example cited first = = cal/c sec,
3 ple cited first, , = (e oms)(a) = o*L/en/
Substituting in Eq. 1.05.03, we obtain AT = 114°C.
-Total Thermal Gradient From Center of Beam to Edge of Window:

From the results above, the total temperature gradient AT

from the center of window to edge of spot is equal to 150°C + 114°C =
264°C.for a beam that is .03 cm by 5.6 cm long which impinges on an Al
“window 8.5 x lO'fh em thick., To drop AT from 264°C to 150°C requires
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lengthening the beam from 5.6 cm to 9.9 cm or 3.9". For a 10 cm beam,

the thermal gradient from the center to edge of beam will be 65°C, and
the gradient from edge of spot to edge of window will be 85°C or 150°C
total temperature gradient. It will be observed that temperature gradient
from center of beam to edge i1s about 43% of the total gradient from center
to edge of window, and thus the temperature gradient across area of
window irradiated by beam is by no means negligible;

Effect of Thermal Heat Capacity on Window Loading:

Assume that the bombarded area of an Al window, which is 10 cm
long by .03 cm wide by 8.5 microns in thickness, has negligible heat
dissipation, what exposure time at 300 watt loading will bring the window
to 100°C? The heat capacity of Al is taken as .225 calories/gram.

The volume of window affected by this assumption is
(10)(.03)(8.5 x 10~ ) 2.55 x 10 b cm3, and weighs (2.7)(2.55 x 10~ ) =
6.9 x 10 -b grams. Heat input is 300/4.18 = 72 calories/sec.

, The calories required to heat the window to 100°C are given by
(.225)(6.9 x 10~ )(lOO) = 1.55 x 10 2 calories. The time in seconds

required to equal 1.55 x 10 -2 calories at an input of 72 calories/sec is

1.55 x 1072/72 = 2.16 x‘lo'é seconds = .22 milliseconds = 220 microseconds.

Thus, significant increases in loading are possible for exposures
in the microsecond region., A 3000 watt heat input to the window should
be permissible for exposures of 22 microsecond duration having a 10% duty
cycle, B
Temperature‘Gradiehts Across Different Window Configuretions:
(a) ‘Slotted-Configuratlon.

Let QB be the power absorbPed by & given beam width 20 impinglng
~ona window of w1dth w. As shown in Fig. 1.05.0la the clearance between
~ beam and window is given by dimension A. The beam density in watts/cm

is'assumed to be uniform over the cross sectional area of the line
focus and is defined as Qo. As outlined above, the total temperature

Approved For Release 2000/05/04 : CIA-RDP67B00657R000300080001-9
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gfadient (AE)Tfrom the center of the window of length L to its edge is

given by .
. 2
Q cQ
(at),, “2£ﬁn * 5D o (1.05.04)
Since Qo ='§%3 By substitution using Hq.
% ¢, U(at+c/2
(AT)T o= e—k—DE (A -+ 5) = T(oKDL (1.05.05)

: _ *
where K is the thermal conductivity in cal/cm?/°C/sec/cm and the

power is expressed in cal/sec, and D is window thickness. All dimensions

are in cms. The first term in the above equations represents the
temperature gradient from the edge of beam to the window; the second
term the gradient from the center of beam to edge.
(b) Circular Windows

Referring to Fig. 1.05.01b let us assume a beam which loses a
fotal powef of Qb calories in traversing a thin foil haying a circular
cross section area of diameter 2Ro. The tital diameter of the window is
2Rl. A heat sink is assumed to be attached to the periphery of the
window. The temperature gradient in the area directly loaded by the
beam is derived.as féllqws: The temperature drop across a circular -
strip dr located at a distance r from the cehter'is'given by e

e 2npekD

. where Q is total loadingjin-a circle of radius »r
\bﬁt Q = anQO,V | -

i

¥* .
‘Note that k is in general a function of T.
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where Qo agaln represents the power density in calories/cme,,assumed
uniform. Substituting for Q and integrating, one obtains for the
temperature gradient from the center of the beam impingement location

. to its periphery.

(&), = T = 5 (1.05.06)

It is interesting.to note that the temperature gradient from
the center of the beam to iﬁs periphery is independent of beam diameter. -
Thus the temperature gradient across a circular window assumed to have
the same size a8 the beam depends only on the total loading, the thick-
ness of the window, and its thermal conductivity, and not on the window
diameter. This provides an opportunity for obtaining a high total
loading by using many small diemeter windows at relatively high loading.

' If the beam diemeter is smaller than the diameter of the window,

- we must also compute the temperature gradient (AE[‘)2 between the periphery
.of the beam and the edge of the window. We assume that the area being
loaded corresponds to a circle of diameter 2R° for a windew diameter

2Ry
x R o |
1 QB dr QB 1 :
. (AEZ2<='J; 2nrkD ~ ‘2akD ln(ﬁ;) (1.05.07)
. o
2 .
Ty @ R o - )
=3 oln(ﬁi). E | ‘(1.05.08)
Thus the total thermal gradient (AT), is given by (AT)
(AT) + (ar),,.
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Q r2 R
(AT) (— + 1n -—) (1.05.09)
O
R
- :’;RD (% +1a ﬁ—l-) (1.05.10)

Terms involving power in any of the above equations can be
converted to watts by substituting the loading in watts and multiplying
the value of watts by E——g = 0,24,
(¢) The Registration Problem:

Eq. 1.05.05 and Eq. 1.05.10 demonstrate the nature of the
registration problem. If the beam is made significantly smaller than
the window, the extra (AII‘)2 term in these equations must be used to
compute the additional gradient associated with the faect that the -
window is larger than the beam. If the window is diminished in size
until it coincides with the window, this additional temperature gradient

goes to zero. Exact coincidence between the window and the beam

7

cross-sectional areas represents the ideal case. It is also possible
to make the beam larger than the window to make the registration ptroblem
less critical. This of course is accomplished at the expense of
requiring additional power, which serves no useful purpose, except to
s8implify the problem of reglstry between beam and window:

The registration problem must be considered not only in the

‘light of accomplishing registration at the beginning of service, but
"also of maintaining registration under conditions of useful life,

(d) Multihole Configurations:
Referring to Fig. 1.05.0lc,‘let us assume a line focus from

having uniform power density impressed into a single line of holes.

In the initial esSessment of temperature gradients we assume the main

' heat sink 'is relatively thick and ignore temperature gradients due to

the width of the web t between individual holes. We also assume that

& beam of width d and length L is impressed on this series of holes

'A’pproved For Release 2000/05/04 : CIA-RDP67B00657R000300080001-9
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in exact registfaiién with them. An exactly registered configuration

in which the beam exactly matches each hole is of course much more

efficient and more difficult to realize in practice.

The fraction of the beam which impinges directly on the windows
will define the "optical" transmission, T of the window geometry which
is given by: Co '

T = (E%E) = .785 (E%E- | -+ (1.05.11)
Strictly speaking this velue of transmission assumes that the

beam is equal to L + t. Since t is << L, it is ignored compared to L.
The cbrresponding "optical" transmission T, of the window

for the line of square holes defined by Fig. 1.05.01d is about 25 percent

more efficient and is given by ‘

P = -9 (1.05.12)

The length L of a given number of holes or square apertures N

may be expressed as follows:

L = (N-1)(d+t) + d (1.05.13)
or <
L-d _
N =gg +1 (1.05.14)

Table 1.05.01 gives pertinent characteristic data for a
series of N round 1 mil Be windows per inch of total window lengths
separated by 2 and 5 mil webs. The corresponding "optical" trans-

missions factor T is given for a square aperture foil as a matter of

‘interest. Temperature gradients are calculated using Eq. 1.05.06.°

- Approved For Release 2000/05/04 : CIA-RDP67B00657R000300080001-9
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’ Temperature gradients for the square apertures would be
.slightly higher. In order to obtain the useful power per individual
'winddW<we need only to know f, the proportionality constant between
trenqmitted useful power and absorbed power. From Fig. 1.04,07 this
1s taken as 8.6 for 1 mil Be at 150 kv based on AE of .104 and 10.0 _
for 0.5 mil Al at 150 kv, based on AE of .091, The useful power per
individual, multiplied by the number of holes gives the total useful
power U trensmitted through the window configurations and is shown in

7

the appropriate column.
* The figure for WB, the total watts beam input per inch of

window is obtained by observing that U is related to WB for the

assumed geometry by the equation:
U =¥y T (1-Ap) (1.05:15)

The values shown for W_, the total impressed power to the

window is obtained, by use of va?ues of T listed for the round
windows and the values of AE given sbove. '

It is 1nteresting to note that substantial power is transmitted
in the case of small holes (order of 1000 watts) for rather modest
ltemperature gradients (19.5°C). The power transmitted for thls tempera-
ture gradient is substantially greater for the instance of 143 5 mils
holes than for the other extreme in Table 1.05.01 of 22 LO-mil holes,
even though the ratio of useful transmitted power to input power

‘ U/W is higher for the case of the larger diameter windows.
In the calculations above the assumption of perfect registra-

tion between a line focus beam of wniform density and the line of circular N

windows 1s assumed. In addition, temperature gradients along the web
between the windows are neglected, Obviously transmitted power can be
increased;by use of a sufficient number of inches of window of a multi-
£hole configuration, and by increasing the allowable temperature gradient

Approved For Release 2000/05/04 : CIA-RDP67B00657R000300080001-9 |
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across the window. Because this approach looked very promising it
was considered desirable to make more rigorous calculations on the
temperature gradients to be expected.

(e) Calculation of Temperature Gradients in a Single Row of
Rectangular Slots

Consider the structure shown in Fig. 1.05.0le consisting of
a row of slots of length L, width 20) web width t, having a léngth of
individual slot p, along the axis. Let the thickness of web and its

thermal conductivity be Dl and Kl and the corresponding quantities

Efor the window be D and K respectively. Assume perfect registration

2.

“of beam with slots. To a Cclose. approximation the optlcal or windowless

beam transmission is given by

P e <P

e (1.05.16)

Assume total beam power is Wﬁ, beam power density is W o’ and that the
reflection of electron beam power from the window and web are negligible.

In order to estimate the temperature gradients, we assume
that all power absorbed in the window, which is given by TAE s is
dissipated laterally to web. Negligible dissipation to the side of the
row of slots is assumed. This assumption not only simplifies the
calculation but should make the results conservative. The accuracy
should increase as 2c becomes large compared to p. In the next section,
& comparison’ is made with results based on a more rigorous approach.

It turns out that good agreement is achieved.

The total temperature gradient is taken ag the sum of the
gradient to the center of web (Am) plus the temperature gradient to
the center of the window (AT)

The power going to the web from the window by this assumption
must be added to the loading the web assumes by direct beam impingement,

‘which is given by Wy (1-T). Thus the total loading, Q .» which must

’be diseipated by the web is given by

Approved For Release 2000/05/04 : CIA-RDP67BOOG57R000300080001-9'
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Qp = TAEWEfWE(l-T) = WB(TAE + 1-T) (1.05.17)
By direct substitution for WB ﬁSing the following equation:
U= WBT(l-AE), '(1f??.18)
we obtain
) U(TA_ + 1-T)
Q- T’(“rl?_AE) (1.05.19)

The effective density of power on the web, (Qw)o may be
obtained by dividing QW by the area of the web:

Q U(TA, + 1-T)
(@y)o = ZE(TTy = T(T-A,) (1-1)280 ~ (1.05.20)

From equation 1.05.04 we obtain the formulation for the
temperature gradient for the web hnder the condition of uniform density
(Qw)o. (The first term in this equation is zero since perfect registra-

tion is assumed) -

CQ(QW)O CU(TAy + 1-T)

WB = 2K.D, MKlDlLT(l-Aﬁ)(l_?) (1.05.21)

(ar)
171

The temperature gradient from the center of window to the- web
is obtained in a similer manner using a computed value of uniform
'density of absorbed power. As indicated_previously the power dissipated
- to fhe edge of the row of slots is neglected. The density of power
‘being absorbed by window (QWN)o is given by

Approved For Release 2000/05/04 : CIA-RDP67B00657R000300080001-9
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W, W
() = 2L22E = aigE . " (1.05.22) -
Substituting in Eq. 1.05.04 we obtain:
2 2
P Q) P~ Ay U
(AT )y = (1.05.23)
“8Kp, 16 K, D LCT(1-A )

As indicated previously the total temperature gradient is conserva-
tively assumed to be equal to the sum of the web gradient plus the
window gradient, or

(AT)T_= (Auz)WN + (AT)WB | (1.05.24)

To simplify the resulting equation, we 1@mp all’geometrical
variables except C, D, and L together into two new constants:

(TAp + 1-T) S

* WA (1.05.25)
‘and

Agp
X = TT_—T_]_-AE . (1.05-26) >
' Thus eq. 1,05.24 becomes:
(ar), = 22, X (1.05.27)
T hKlDlL 16KéD2LC

Equation 1. 05 27 was used to determine temperature gradients for s series
of different window configurations using a computer program. The
,temperature gradients plotted in Figs. 1.05,02 through 1.05,05 as a

~ Approved For Release 2000/05/04 : CIA-RDP67B00657R000300080001-9
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function of total slot width 2c¢ are based on thé use of a copper web
of width t = 5 mil, an 0.5 mil aluminum window and a 1000 watt of the
curves are based on obtaining useful output power U for a length of
slot L = 1/3 inch. (The length L was selected to correspond to 1/3"
because the 1" long filament used in the experimental tube program
to be described later consisted for all practical purposes of two ‘
filament sections in series, each having a 1/3" length of effective

electron emission).
Each of the graphs consists of a series of individual curves

glving the temperature gradient from the center of window to web
for fixed values of p and for different values of Dl’ the thickness of
the web. As indicated previously the window configuration must be

designed so that electrons scattered from the window are not intercepted

by the walls of the web. Unlimited thickness of web is not possible .
both because of such scattering limitations and because of practical
limitations in fabrication of the configuration. At large values of
thickness Dl’ the temperature gradieﬁt through the thickness of web
must be taken into consideration also. As can be observed from the
curves, large values of web thickness are #éry desirable. In order
to avoid interception of the scattered beam some tapering of the web
geometry 1s desirable. (In actual practice it is difficult to
fabricate the web without some tapering).

From the graphs 1t is evident that a temperature minimum
exists for each value of p and Dl at 'a given value of total slot width

‘2¢, Thus an optimum width exists for each fixed value of P,, Dy, t, and

window materials, which we define as (EC)OPT. The optimum width turns
out to be given by the following expression: :

KlDlAEp?'( 1-T)
',,,,.fvf(ac)om “\ KD, (TA; + 1-T)

Approved For Release 2000/05/04 : CIA-RDP67B00657R000300080001-9
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By substituting (2c)OPT in eq. 1.05.27 we obtain for (Am)MIN,
i.e. the minimum temperature on curves like those plotted in Figs. 10-13:

AE(TAE + 1-T)

(AT )y = hLTt(nJ).-AET J KD Ko0, (T0) (1.05.29)

mwhwmﬁ=m%

The optimum value of slot width (20)OPT for given values of
”Dl and particular values of P the individual slot width is plotted in
Fig. 1.05.06 for a window configuration congisting of.O.S mil Al and a
copper web. The coiresponding minimum temperature gradients are plotted
in the same figure for 1000 watt useful output power U and the previously
mentioned condition of 3000 watts rer linear inch of slotted window
configuration., The transmission Tl and the efficiency of power trans-
"mission (E) lL = (1- ~A, )T are also indicated on the curves.

From tge graphs 1t is evident that the temperature gradient
drops markedly as p decreases, and that the efflciency of transmission
of power also decreases with decreasing p.

As an example of data which can be read off Fig. 1. 05 06 the
'optimum total width of slot (2C)OPT corresponds to a 60 mil copper web
turns out to be 60 mil for an individual slot width P of 15 mil. The
corresponding temperature gradient from the center of window to the
edge of the multislot configuration is 140°C, a temperature gradient
which is very reasonable for the 0.5 mil Al window.

‘ ‘ Thus 3" of this multieperture window should be capable of

;~transmitting of the order of 9 kw useful power continuously.

_ The computations associated with obtaining the thermal

7 gradienta plotted in Figs 1. 05 02 to 1.05.05 were basgsed on the
assumption of perfect registration which is difficult to achieve in
bractice. Bince it was considered desirable to allow some leeway

'Approved For Release 2000/05/04 : CIA-RDP67B00657R000300080001-9
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for registration, a series of computations were made with the beam 30
mil smaller in width than the window, thus increasing the thermal
gradients associated with transferring absorbed power from the window
and web by the.temperature:gradient acrosgs a 15 mil extent of web,
Referring to Fig. 1.05.01f, the temperature gradient across
~width B of web due to the above stlpuleted registra,tion requirement

w:is given by
(T + l-T)W B
(TAE + 1-T)UB
(1.05.31)
2K D L(l T)T(l-AE ,
Eq. 27 mnst now bhe rewritten end becomes
(ax)y = (am)y + (aT) -+ (an), (1.05.32)

The total gradient ‘based on eq. 1.05.32 is plotted for a
copper web and 1/2 mil Al w1ndow, ‘in Fig. 1. 05.07. The values of
(2c)OPT plotted in Fig. 1.05.07 do  not include 15 mil value of
B used in determining the total thermal gradients Thus total slot
width correspondlng to the temperature gradients shown in these
figures is equal-to (W + 30) mils.
(f) Cross-Check on Computatlons for a Single Row of Rectangular Slots
The problem of obtaining a rigorous calculatlon on 8 rectangular
window having width 2¢ in one direction and p in the other direction mounted
~on web of width % and. thickness DlrlS very similar to the problem of
determining the equipotential plot of a given electrode configuration
once.  the boundary conditions have been determined. For the equilibrium

condition it amounts to solving the following differential equations

1
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due to Fourler in 2 dimensions for the case of a geometry with an internal

heat source:

2 2
Ol +2l.. % , (1.05.33)
ox ay '

where Q is the power released per unit volume, and K is the thermal con-
ductivity, _

In this laboratory a relaxation technique for sol#iﬂé LaPlace's
equation for a 2 dimension cross-section of cylindrically symmetrical™
geometry has been set up as a computer program. A similar technique in
rectangular coordinates has been applied to a simple slot configuration
such as one considered previously, consisting of a 1/2 mil Al window, a
Cu web 200 mil thick having width t = 5 mil, Loading conditions were
Tixed to correspond to 3000 watts useful power per inch, Under these
conditions, the maximum temperature gradient in the window corresponding

- to p =15 mil, and 2C = 4O mil was 120.500. This temperasture gradient
can be checked with those of the previdus section by referring to Fig. 1.05.03'
for the same geometrical condition. For 2C = 40 mils and Dl = 200 mil, the
temperature corresponding to the assumed window configuration is 12100
which is in excellent agreement with the temperature gradient of 120.500
derived by the mbre,accurate relaxation technique using eq, 1.05.33.
(g) Multiaperture  Configuration Consisting of N rows of Slots
‘ Congider N rows of square slots of length I and width P
separated by uniform web width + from adjacent slots as shown in ,

) Fig. 1.05.01g. All of the power absorbed by the windows and the web is
assumed to be dissipated laterally to the edge of the configuratioﬁ via
the single hatched section of the web. Since the length of the configura-
tion is assumed significantly lafgér than the width 2¢ of the configuration,
negligible dissipation of power is assumed along the length L of each

Approved For Release 2000/05/04 : CIA-RDP67800657R000300080001-9
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individual longitudinal web. This assvmption should help make the
calculated temperature gradients obtained more conservative since
appreciable power is lost longitudinally in practice.

Assume perfect registration of the beam with the slot array.
The total beam power is WB‘ Beam density is assumed uniform over the
window configuration and the reflection of beam power from the web and
window are considered negligible. The power absorbed in the windows of
the arra& is WBTAE; the beam power absorbed directly by the web configura=-
tion is WB (1-T). The total power which must be dissipated by the
single-hatched section of the web to the side of the configuration by
reason of the assumptions made above is WB (TAE + 1-T).

Assume there are l\TV slots in the vertical direction in

Fig. 1.05.0lg. By inspection of the figure:

L-
N, = p—;% + 1 | (1.05.3k4

The directly loaded area of the web corresponds to the
single-hatched sections of the figure and is equal in area to (N#-l) 2¢ct.
The loading density on the web (QWB)O assumed uniform is this:

WB(TAE + 1-T)
Qplo = T, - Dact (1'05'35)‘

Substituting for N, in eq. 1.05.34, and using eq. 1.05.15 for Wy

' U(‘I'AE + 1-T)(p + 1)
(@), = (1-A, JT(T-p)2ct

(1.05.36)

From eq., 1.05.0k

(o) - cuz
s = 2KD, K D, (LT-p)

(AT (1.05.37

Approved For Release 2000/05/04 : CIA-RDP67B00657R000300080001-9
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where- (TAE + 1-T) (p+t)

(l-AE)(Tt) (1.05.38)

The maximum temperature gradient is taken as the sum .of the
gradient to the center of the web plus the gradient to the center of
the window. To obtain the gradient from the web to the center of a
given window we assume circular win%ows of diameter P, The density of
loading on the windows is equal to —E—. The density of loading, absorbed

2IC
in the window is given by

My Uhy

Qmls = 515 = T TR (1.05.39)

. From eq. 1.05, 06 the temperature gradient across a circular
window of diameter P is .

. e (%Mﬁz U %
(AT = KD, ~ l-AE)TKéD T(2) (1.05.40)
et
32K,D,LC
where .
' f% o
¥ = -(l_‘A_E—)_'f - (l-OS._hl)

In comguting the above, the area of the window was assumed
to be given by EE— instead of p2 the actual area of the square hole.

'Making this = correction to compensate for the greater area of the

square hole and the consequent greater absorption of power we obtain
in place of eq. 1.05.40:

Approved For Release 2000/05/04 : CIA-RDP67B00657R000300080001-9
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(Am)WN = 8;%%%;36 (1.05.42)
(a0)g, = (a0) e + (AT), hxﬁgZEL-ﬁj' BﬂES;QLC (1.05.43)

where Z' and X' are defined by eq. 1.05.38 and 1.05.41 respectively.
The geometrical transmission of a window configuration
consisting of N rows of square slots of width p separated by a distance
t i1s given to a close approximation of the following equation:
) 2
B

' (prt) [ploLd 4]

(1.05.44)

Plots of the temperature gradients for.l/e mil Al windows and
& copper web as obtained on the basis of a computer program'using
eg. 1.05,43 are given in Figs, 1.05.08 to 1.05.12 as a function of the
number of rows N for p = 5, 10, 20, 30 and 40 mil and web thickness
t = 5 mil and different values of web thickness Dl The curve marked
Dl==°°corresponds to the temperature gradient across the windows only,
i.e, the web here corresponds to an Infinite heat sink., Since the
temperature gradients listed are based on adding the temperature
gradient of the w1ndow to the temperature gradient of the center of the
web the results are slightly off for even number of ‘rows, The transmission
values corresponding to the different number of rows is indicated at the
top of the graphs. Temperature gradients through the thickness of the
web are neglected. B
, The curves have the same type minima vhich were characteristic
- of the single row configuration previously discussed when the temperature

gradients are plotted as a function of row width 2e. For low values of

web thickness the minimum temperature gradients usually occur at 1 row.
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For higher thicknesses the minima occur at several rows, corresponding
roughly to the configuration which might be expected from the value of
(zc)OPT for the single row case.

It is interesting to compare results of calculations of the
multirow configuration with the single row calculations in the previous
section. A comparison is given in Table 1.,05.02 for a 1/2 mil Al window,
5 mil width copper web, 50 and 100 mil in thickness. It is evident
from the table that the temperature gradients corresponding to the single
rows at optimum values of row width have temperature gradients which
are lower than the minimum temperature gradients occurring for the
multiplerow case. It is reasonable to believe that the multiple arrays
would exhibit lower temperature gradients if the dissipation of power
in the longitudinal direction were taken into consideration in the
calculations. These structures, however, are more difficult to
machine and it is considerably more difficult to make vacuum seals to
them. ' For this reason most of the later work on window design was
concerned with fabricating and testing single slot window configuration
arrays.
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TABLE 1.05.02
Comparison of Temperature Gradients for Single Rows of RectangularVSlots
Versus Multiple Rows of Square Slots for 1/2 mil Al Window, Copper Web
5 mil Thick, 3000 Watts Transmitted Output per Inch,’QC
Temperature Gradients
for Single Rows At
Optimum Value of Slot| Max. Temperature Gradients for Different
Width Numbers of Rows N
p|D (AT)OPT (2c)OPT N=1{N=2|N=3|N=L4 |N=5|{N=6
10| 50 115 38 153 133 161 202 2t | 296
J10] 100 81 5k 146 101 104 118 138 159
, 20| 50 206 .70.2 261 | 217 | 252 306 369 435
. i . . .
20| 100 | - 146 99 2h6 | 166 | 164 | 182 | 208 | 237
j#0 | 50 k20 lak | kol | k22 | hkokh | 600 | T20 | 848
Lo | 100 297 176 453 | 315 | 316 | 352 | ko2 | Ls58
.
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1.06. Mechanical Stresses
Introduction:

In the following section an analyses 1is made of the mechanical
gtresses to which the window of a beta ray tube is subjected. Of neces=-
sity, many simplifying assumptions are made in this analysis in view of
the complexity of the stress situation. The conclusions in some cases
do not Jibe with the observed facts. For example, the conclusion is '
resched in the analysis thet Si should be superior to Be or Al as a
window foil. In actual practice all of the silicon windows wpich were

fabricated proved to be extremely fragile and tended to shatter at
nominal loadings. However, many of the conclusions of the analysis of
mechanical stresses have been verified. For example, the conclusion is
reached that narrow slots are hoﬁronly subject to lower temperature
gradients but have significantly lower mechanical stresses. Narrow
siots in practice, as will be noted in a later section, have appeared

o be a very promising approach.

Approved For Release 2000/05/04 : CIA-RDP67300657R000300080001-9
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The three basic stresses in the window are:
1. Brazing stress - caused by differential expansion between window

and anode (supporting structure) on cooling from the freezing temperature of

the braze to room temperature.
2. Pressure stress - caused by pressure difference between external

environment and high vacuum inside tube (maximum of omne atmosphere),

3., Thermal stress - caused by thermal absorption of portion of incident
radiant beam in the window which'induces differential expansion between various
parts of the window (and the anode).
The analyses assume that stresses and strains are perfectly elastic
(Hooke's Law) and that superposition applies. (The sign convention used 1is
positive values for tension and negative for comprassion)., The snalyses '
further assume in general that the anode or window supporting structure is

perfectly rigid, i.e, all strains are taken up by the window. However, the

effect of a flexible structure is considered for a specific case of a rectangular

beryllium window in the section discussing thermal stresses, )
“Two window geometries are considered in this report: the flat

rectangular plate and the flat circular disk. The possibilities of other

geometries obtainable by dishing and corrugating have been considered but

comparative analysis indicates that only minor thermal and brazing stress

 reduction is obtainable relative to the flat case. Some reduction in pressure

stress is obtainable, however, as the pure membrane condition is approached.

L~

PRESSURE _STRESSES

Considering the rectangular window as a flat plate clamped along

all edges, the stress due to a uniform pressure P across the window can be

(0 -

expressed as:

(7) Don Hartag, "Advanced Strength of Materials" p. 134

.
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1006"3
GZlP 52c22
d, = * 2
P h
where J = ,0833 (for a long narrow plate)}

P = external pressure (psi)
¢ = half-width of window (in.)
h = thickness of window (in.). )

The maximum stress for am evacuated tube would occur when P is

one atmosphere, Therefore,

' 2
Cfp = + 29.4.(§)'

. Since the stress occurs as a bending stress, the maximum value will oceur

at the outer fibers and will be tension on the one side of the window and
in compession on the other,
Considering the case of the round window, the stress for a circular

plate with clamped‘edges is given by (reference 7., page 128)

dp = X 2

-

where b = radius of .the window
h = thickness of the window

and for one atmosphere
b, 2
Cfp =+ 11,3 (h) .

The stress for one atmosphere pressure loading as a function of -
window width for several window thickness afe.plotted in Figs. 1.06.0L and
1.06.02 for the rectangular and circular cases.
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In the case where the windows are preformed so that they fulfill
the conditions for membrane analysis (a section of a cylinder for the plate
and a section of a hemisphere for the disk, where the thickness of the window
is very much less than its other dimensions) we have for both cases the

purely tensile stress (reference [, page 75),

g = + e or B2 ’
2h 2h°*

In this instance (for the nominal dimensions practical from con-
siderations of thermal stress and absorption) we have stresses less than
1,000 psi (since b is in tens of mils and h is in mils) and they may be

neglected,

BEAM LOADING TEMPERATURES

Rectangular Window

Assuming the beam to be uniformly distributed and centrally located

-on the window, the temperathie distributors across the beam width (y - direction)

is parabollically symetrical for conduqtive cooling, i.e.,

9
Ty B Tedge © 2Kkn (

8nd 7 e

q cC
= AT .

Tcenter B Tedge y 2Kh

where ¢q_ = thermal absorption of beam“(watts/inz)
o Satv

K = thermal conductivity Qf,_Wivﬁdowv material (watts/in-c°)

R 'Z&'Iy = maximum temperature difference in y=-direction (°¢).

1
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This, of course, further assumes that the window width is equal
to the beam width, If the beam 1s narrower than the anode slot, a further
temperature drop must be included to allow for conduction between the beam
edge and the side of the-slot. Since the thermal stress calculations are
relativelf_insensitive to the exact shape of temperature distribution but
are mainly affected by the total temperature difference, the drop to be used
in the actual calculations should be the sum of the two individual drops.
When the beam is wider than the slot, the élot half-width should, of course,

be used in the temperature equation. 2

Circular Window
‘In the case of a round window the temperature distribution is given

by
q
. 0 2 2
Tr B Tedge 4Kh (®" - )
and
‘ 2
o q.p Q
T - T =AT - 0 - tota}‘
center edge r 4Kh 47T Kh
The same comments concerning overlap and underlap apply in this
case. An interesting fact with this geometry is the independence of Tr

on the radius for fixed total heat inputs,

THERMAL STRESSES

Rectangular Window
The maximum stress caused by a uniform temperature difference between

a rectangular window (with all edges built-in) and its rigid supporting

structure is given by: ®

0, - g, - “Fehs

i
wherelll= Poissons ratio for the window material
E = modulus of elasticity (psi)

(X= crefficient of thermal expansion (in/in-C°),

(b pPolasd FérRiétens e BOOTI0 S0 FCIAL RBREPBO06 57RBBD300080001-9



" have (dropping the subscript Z&T);
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It should be emphasized that this expression covers the case when
the‘entire window area is raised a given Z&T‘above the supporting étructure.
In the actual case there is, of course, a thermal gradient in the y - direction

(i.e. across the narrow portion of the window)., In the x - direction; the
gradient is essentially zero except for end effects. In the case where the
window is only built in at the ends and there is a symmetrical gradient in the

(9

y - direction the maximum stress is given by
Ox = O EATy.
Therefore, we may bracket the value of the maximum stress:

XeT
- —L = J x (max) = -O(EAT .
1 -Li ) y
For most metallic materials, LL@ 0.3 (beryllium being one extreme
exception with a value of 0.05) so that the difference between the stresses
in these two cases is at most, one-third., However, since the expression on
the left most closely approximates the actual conditions and gives a conser-
vative value, it is used in the calculations throughout this memorandum,

Expressing this value of stress in terms of the thermal input, we

’/; XeAT - E qoc2 - XE Q54109
0 x (max) -7 " 7T® (LD 2 & (1-11) .

Thus, it is apparent that the stress in the rectangular window varies directly

as the slot width for a given total heat input and inversely as the thickness

and length.
Table 1 gives stress values which would occur in a flat rectangular
beryllium window as a function of thermal flux density, To obtain a total

wattage input value, a one-inch long slot was chosen, Both thermal and pressure

(9) Gatewood, "Thermal Stresses," page 9

- - Approved For Release 2000/05/04 : CIA-RDP67B00657R000300080001-9 -
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stresses are given as well as their total. Assuming an allowable maximum
stress for beryllium between 30,000 and 40,000 psi, an estimate of allowable
wattages may be m%ﬂf(ﬁ?r the various slot widths and window thicknesses.

Fig 1.06.03 to are plots of the results of the calculated values given
in Table 1. 3 06.02  1.06.06
Table 6 and Fig ‘. i present the results of similar calculations
1.0

for Si, Table
calculations in this report,
The effectiveness of flexibility introduced into the supporting

ves the materials properties used in these and the other

structure to reduce these stresses is hampered by the thermal conductance and
strength requirements of any such supporting structure, In the limit, a
totally unrestrained plate with a temperature distribution of this type (about -

the x~-axis) would have a stress given by (reference 9, page 9).

2
Cc
g - ~XE q
X 6Kh *

Comparison of this expressiom with the value used previously shows that a

factor of three to four between the éompletely restrained and completely
unrestrained case. However, rough calculations show that evenrin the case of
‘<supporting'structures with ‘cross sections only several times the window thickness
that reductions of only-10-to 15 per cent appear feasible with the geometries
‘aéceptable for brazing and forming. Consequently, such structres would probably
introduce more difficulties, problems, and thermal impedence than the slight
obtainable reductions in stress would warrant, )

Another problem which must be considered in determining the effects
of thermal loading is the possibility of buckling of the window under thermal

stresses, The critical temperature difference is given by (reference 9, page

175):

AT TT22 T2 by?
cr 4(:XC g\f—?:x u

where k = radius of gyration,
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This is based on the classical Euler relationship for critical

buckling which is seen when solving for the critical stress.

2 2
ZZ E h
Ucrit ﬂO(EATcr = 8'\/7 ( c ) .

The critical stresses for the geometries and materials under
consideration are far in excess of the ultimate strengths of the materials
indicating that yielding and/or fracture should occur long before buckling
can take place., This is analogous to a column with low slenderness ratio
which would yield or fail from compressive stress before it would buckle,
However, windows operatlng at excessively high thermal fluxes will exhibit

buckling and they may be so operated through a number of thermal cycles

without fracture 1f they are sufficiently ductile., Such operation is extremely

difficult to analyze since the geometries become exceedingly complex and
the results are extremely dependent on the past history (rolling, heating
%"{ and cooling rates during brazing, etc.) of the material, Furthermore, the
normal mechanical properties have very little meaning or use under such
.conditions and specific bend and flexure data would be needed. If such
operation (thermal loading above the elastic 1imit) is contemplated the best
approach would be an experimental one using actual w1ndows. However, the
‘brittleness of most of the materials Presently being considered for this

application appear to be much too high to withstand such flexing.

-

Circular Window

The stress in a circular window with built-in edges with a thermal

gradient as described previously is given by (reference 10);

XE q [hlé-i#_z} 5 32 2

: Cff (radial) = 3T

! O; (tangential) =

(10) Temoshenko "Strength of Materia‘ls, Vol. II, p. 263 ff.
Approved For Release 2000/05/04 : CIA-RDP67B00657R000300080001-9
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The Cfr in this case is approximately 1.5 times as great as in
the unrestrained case. However, Cft goes Into tension at the outer edgg in
.the unrestrained case; this is undesirable for most of the materials being
considered. In addition, the number of such windows required to provide the
desired output precludes the possibility of using flexible supports for the
circular geometry. Consequently, only the restrained case is_given'further
attention. The maximum stress for the restrained case occurs in the middle -

and is given by

a 2 -
G = M S Yo ¢ Q
th " 16 Kh 1677 Kh t’
1.06.0k 1.06.05 .
Table  and Figure show the results of calculations for round

Beryllium windows, One interesting result which was not tabulated in the
calculations on the rectangular geometry is the low temperature rises required
to introduce excessive stresses in the window materials,

The critical buckling stress is given by (reference 11)

. __4E K’
cr 3b2(1_u2)

As ih the rectangular case, the stresses computed for the geometries being
considered give values in excéss.of the maximum allowable stress and similar
comments apply.

A direct com arigon of the two geometries may be obtained by
reference to'TAblleEL‘gghvshows the number of baryllium windows required to
obtain a 6 KW output. Rough efficiency estimates were used to allow for the

increaséd,ébsorptioﬁ igmthe'thicker windows.

BRAZING STRESSES
The brazing stress is a locked-in stress due to the difference in

- expansion between the window material and the anode. '‘As the two metals cool

from the solidus of the brazing-material, the higher expansion member will

(11). Temoshenko "Theory of Plates and Shells", p. 323

Approved For Release 2000/05/04 : CIA-RDP67B00657R000300080001-9
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contract more and cause a stress to be developed, This stress will vary with

temperature as both the expansion and modulus vary, On reaching room temperature,

the strain (expansion difference) induced in the window can be expressed as

S LI e

where E; and € are the difference in expansion per unit length, Since the
rectangular window is clamped at all edges; a symmetricgl, two-dimensional
stress situation exists in which the stresses andlstrains in the x and y
directions are equal, -

Therefore, in the x and y directions

(jh = (1+) €E _ (Rectangular Case)

where the subscript B indicates brazing.
For the circular window the maximum brazing in both the radial and

tangential directions is given by

€E
CTB = 1’LL _ ‘(Circular Case)
This stress is comparable to that in the rectangular window and no further
differentiation is made between the two cases in the remainder of this section.
It should be noted here that both these analyses'assuﬁed a completely rigid
anode which does not deform due to the thermal stress and all of the strain is
transmitted to the window.
1.06.08 1.06.09 - .
Figures . and ' show the expansion of various possible anode material

that might be used with beryllium and silicon windows over the temperature

- range in question., 1In calculating the brazing stress for beryllium, the curve

for wrought sheet was used. 1.06.10

An examination of Figure will show that the induced brazing

strain for the beryllium to copper combination results in an extremely high stress

situation which would normally indicate failure of the window member, The fact
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that this combination has been successfully brazed would indicate that a purely
elastic analysis is not adequate to explain the stress picture. It is therefore
theorized that some yielding is taking place in the beryllium window at the
higher temperatures after the joint is formed. Since beryllium does exhibit
some elongation at the higher temperature, the actual thermally induced strain
may be at a lower level than elastic analysis indicates. If elongation occﬁrs,
the locked-in stress would equal the yield stress at the temperature level where
an equilibrium is reached between the thermal strain and yiel& strength." In
addition to yielding, buckling of the window could absorb or alleﬁiate the
induced strain. This situation would induce further buckling on thermal loading
of the window and result in premature fallure, A combination of the two modes'
of stress relief is‘most likely occurring in the‘actual situation and may be
the cause of some of the scatter in the actual testing of beryllium windows,

The sllicon- molybde%?m combination has a similar problem but to a

much lesser degree. Figure . shows that Kovar would be a likely choice of

anode material with tungsten somewhat more desirable., For low brazing temperatures

(400°C) Kovar is acceptable; however; being of the low expansion iron-nickel
family, it exhibits an inflection temperature at approximately 410°C where
its thermal expansion increases very rapidly. For brazing temperatures above
400°C, tungsten (or molybdenum) is a much better choice of materials., Invar
would, of course, be undesirable éxcept for soft solders because of its very

low inflection point.

-

MAXIMUM POWER OUTPUT

Rectangular Windows

If a safe, allowable total compressive stress level, Cf , chosen
based on the mechanical properties of a given window material, then a maximum

allowable thermal stress level is determined by
/ /
dth d - Jp - UB

with the prime superscript indicating "maximum allowable,”

Approved For Release 2000/05/04 : CIA-RDP67B00657R000300080001-9
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Once Cfp and CTB are computed for a gilven geometry and material
combination, the allowable heat absorption in the window corresponding to the
maximum allowable thermal stress level may be determined from the following
relation:

_Q(Aqucz
T = 2Kh (1-[1)

The power absorbed in the window (watts)is given by: .

Wabs = (2 94 © Q)

Thus,

Wl e (KD, gy
abs (X E c th -
If the beam transmitting properties of the window are known, we

may write the transmission-absorption ratio, R, as

where € = fraction transmitted through the window, being a function of incident
energy level of beam,- the window material (density, atomic number, etc.) and.

window thickness, (In the sense used here, the fraction transmitted means the

ratio of that portion of the total beam input which is not converted into heat
to the total beam input).
‘ Then

Woue = €

. /
4 xq-HH0", (g“’) &
X E ! c 1-€7°
The first term in this expression is dependent only‘on materials
v S properties and essentially is a thermal stress merit factor. Values of the

thermal stress merit factor for various materials are given in Table 1.06.03.

Approved For Release 2000/05/04 : CIA-RDP67B00657R000300080001-9



0

. Approved For Release 2000/05/04 : CIA-RDP67B00657R000300080001-9

1.06 - 29

These are computed using room temperature values since allowable stress levels
ohly permit attaining a maximum Z&T?across the windows in the range of 50
to 100°C.

The second factor in the expression for the power output indicates
the percentage reduction in the maximum allowable stress caused by the presence
of pressure and brazing stresses,

The last term is the ratio of energy absorbed to energy transmitted,
Transmission curves for various materials at 125 KV are given in Figure 1.06.12.
The curve for aluminum is taken from data in a NBS report, and the, curves for
silicon and beryllium are based on the aluminum curve using a density ratio
correction. However, the curves for molybdenum and silver are probably too
high since their higher atomic numbers would reduce their transmission character-
istics more than the‘simple use of density ratios would indicate. Corresponding
transmission-absorption ratios are given in Figure l°066%§siderab1e erroxr may
exist for very thin windows because the values were determined by differences using
Figure 1.06.12.

A plot of allowable powerlﬁgéfggf for beryllium as a function of
window thickness 1s given in Figure . for slot widths of 20 and 30 mils neglecting
any brazing stress."The reduction in power output for the thin windows is due
to the increase impoftance_of pressure stress in this region. The obtainable
power outputs for the case of zero pressure stress (i.e, vacuum on both sides
of the window) is indicated by the dashed curves. It is apparent that for

window thickness less than one mil, the effect of compressive pressure stress

becomes more and more¢ pronounced.

1.06.1
Figure isfi similar plot for a rectangular silicon window. Here,

the dashed lines indicate the reduced allowable power output when an 8,000 psi
brazing stress (silicon to tungsten at 600°C) is taken into account. The max-
imum allowable power output is calculated to be several times that of beryllium
for comparable geometries.,

Figure s glves the corresponding values of allowable power output
of an aluminum window, The properties of a heat treatable low alloy aluminum,
6061-T6, were used in these calculations (see Tablejﬂqéfgih can be considered

typical of what might be used, The value of maximum allowable stress used was

Approved For Release 2000/05/04 : CIA-RDP67B00657R000300080001-9
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the yield point of the material but considering the value of elongation
(12 per cent) and corresponding ductility of this material, considerably
higher thermal inputs could be used., The problem then becomes one of buckling

and fatigue as described previously., The most straight forward way of

_evaluating operation at such levels is experimentation with actual aluminum

windows, Pure aluminum or some other alloy than the 6061 may be preferable
for such thermal inputs because ductility, elongation, cold working, and

fatiguevbecomé increasingly more important,
Figures  through . are plots of the allowable power absorbed

for the three window materials discussed,

Circular Windows

Similarly, @ formula may be developed for the maximum allowable power

output for a round window.

o
1677 th (1€é> )

Wouta(BaE) O")

This equation differs from the rectangular case in that the power
output is affected by the diameter only, as this linear dimension determines
the pressure stress; otherwise, the output is a functlon of the window thickness
alone, The change in geometry also modifies the thermal stress merit factor
in that the effect of Poisson's ratio is reduced to the point where it may be
neglected in these calculations.

Plots of allowable power ou%puts of c1rcu1ar windows using silicon
and beryllium.are given in Figures . It can be seen that for thicker
windows the magnitude of the pressure stresses are reduced to the point where
the allowable power outputs are essentially independent of diameter, as is to

be expected.

CONCLUSIONS
Based on the stréss calculations, it would appear that silicon is the
best window material to use to obtain the desired 6KW output., This could be
done with two windows one inch x .020 inches x ,00075 inches. The next best

~
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material of those considered would be aluminum, No estimate can be made
from this limited analysis as to how much more output could be obtained safely
if the aluminum were run at an absorption level in excess of the yield point,

Beryllium is definitely the least desirable of the three. Because
of its brittleness, it cannot be operated much in excess of its yield point
or calculated values of power input without a good chance of fracture.

The rectangular geometry appears to be satisfactory from the stress
point of view as far as obtaining the desired output with a practical number:
of slots. The circular geometry would require a large number of windows
(thirty in the case of 0.5 mil thick silicon with a 20 mil diameter), Such a
decision is basically determined by the feasibility of the electron-optics
involved. '

The use of geometries other than the flat are not recommended as
very little stress advantage can be obtained from ahy of those suggested and

the forming and brazing complications are increased,

Approved For Release 2000/05/04 : CIK-RbPG?800657R000300080001-'9



(>

Approved For Release 2000/05/04 : CIA-RDP67B00657R000300080001-9

1.07 - 1.

1.07. Be as a Window Material

Be Foil: 4
In the original survey on window materials, Be turned out

to have most promising properties. It has a low atomic number, a.

high ratio of thermal conductivity to density, excellent mechanical
strength, a high recrystallization temperature, and low vapor pressure )
at high temperatures. A one mil thickness of aluminum window has 2.5
times greater absorption losses to a 125 kv électron beam than a one
mil thickness of Be foil. For a given power lost in the window, one
mil of Be window will transmit about 3.5 times more power th;n the

same thickness of Al window. Correcting for the higher thermal conducta
ivity of Al, a one mil Be window configuration at s glven temperature
will transmit about 2.5 times as much power as an Al window of the same
thickness and operating with the same temperature gradient.

Most of the material tested in this program was purchased
from Brush Beryllium. At the beginning of this program Brush Beryllium
appeared to be the only company that could supply thin Be foil that
was vacuum tight. Iater in the program it developed that rolled Be foil

'~ was available from other suppliers as well, notably the Beryllium
Corporation of America and Pechiney Company. The types of Brush material
which were available in increasing order of purity were 8200, 5100 and

N50. According to Brush specifications, as confirmed by our own analysis,

these range in minimum Be assay from 98.5% to 99.0%, the remainder of
the compositions being msinly BeO.

The original brazing experiments started with 0.5 mil and 1.0
mil S100 Be foil made from a powder compact. DBecause of excessive alloy-
ing in the brazing materials experienced with the thin Be foil, the
experimental program on brazing was diverted temporarily to developing
brazing ‘techniques for 5 mil Be. The thin 2 mil sections of Be required

for electron beam transmission were EDM'd (electric discharge machined)

after the brazes were completed. These windows cracked during electrical

operational tests. The cracking failures were atiributed to the forma-
tion of stress ralsers in the edge between the two thicknesses and to
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the natural poor ductility of the beryllium employed. After some
experimentation, described in later sections, techniques were developed
for vacuum brazing 2-mil Be both in the flat configuration and in the
"V" shapes described in more detail in a later section. 'V-shape struc-
tures were employed to minimize expansion problems as the Be was hesated.
The first "V" shaped structures were produced at the Brush Beryllium
Co. Iater window structures were produced in these laboratories. It
vas necessary to design special dies so that the hot forming of the
windows could be accomplished at temperatures of the order of 1100°F

- in order to prevent cracking of the beryllium. With better Brazing
techniques, improved mechanical configurations, and possibly as the
result of going to a purer Be material ( N50 instead of S100), the
mechanical breskage situation improved.

Pinhole Leaks:

! Around this time conside;@bly_more.difficulty*was noted with
very tiny leaks appearing in the windows. Instead of cracking at tests,
failures now were largely due to pinhole leaks developing through the
windows. These pinholes were first noticed when the brazed assemblies
were leak checked. A technique tor determining the location of pih-
hole leaks using s penetrant dye was developed. Previously it had
DProved very difficult to leak-check the window foil itself unit it had
been sealed to its support. Even then it was quite difficult to dis-
tinguish between leaks in the brazed joint and leaks in'the window
proper due to the small'sizes of the ports. The dye penetrant test not
only aided in determining the exact location of the leak in a given
window assembly, but also permitted testing the foil as received and in
all stages of our processing prior to brazing.

Pinhole leaks now showed up at various stages of processing
.vhen the penetrant dye test was.applied. Some showed wp as the materisl
came in from the supplier or when it was cupped into the "V" shape;
. other pinhole leaks showed up when the Be was cleaned for brazing, still
yothers occurred later in the processing or at test.
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There was some é#idence that later shipments of Be (after the
supplier had experienced g strike of houriy workers) were inferior in
quality to material obtained earlier when the brazing techniques were
first being developed. Unfortunately, in the earlier period it had not
broven feasible to mass-spectrometer-leak-éheck the individual windows
as received from the supplier, and the dye penetrant test was not avail-
able at that time.

Extensive metallographic studies at these laboratories, includ-
ing sectioning and radiography, as well as discussions with Brush
Beryllium Corp. of America, Goddard Space Flight Center, Pechiney
(General Astrometals), Franklin Institude, Lawrence Radlation Laboratory,
Navy Bureay of Weapons, Temescal Metallurgical Co., WADC and Nuclear ‘
Metals ultimately led to the conelusion that inclusions in the Be, which
are characteristic of the powder fabricated variety, exercise a ma jor role
in the troubles experienced.

These inclusions appear to be largely oxides of beryllium snd
intermetallics. It is not clear whether microcracks are formed around
the inclusions due to differences of expansion with the parent metal or
whether they represent temporarily plugged leak paths which open up as
the result of brocessing. The formation of oxides or other compounds
may play significant roles in the leaks which develop during Processing.
From the observation made in our experimental work and from data in the
literature, it appeared that best results could be obtained with very
Pure beryllium,- vacuum cast to avoid oxides. The material should be
rolled to size in inert- ~gas~filled, tightly closed cans. It appears
that additional ductility of the powder product may be obtained by re-
crystallization at high temperatures, 1000-1100°C, but attaining this

-without further oxidation may be difficult because of the inherent affinity
of beryllium for oxygen.

Improved Materials: ]
In our efforts to obtain better quality Be we contacted the
{Pechiney Beryllium Company through their distributer in this country, the
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General Astrometals Corp. Their quotes for Pechiney products were high
and they could not guarantee foils of thickness less than .010" to be
vacuum tight. o
The Beryllium Corporation of America were much more receptive.
Early shipments from them had an excessive percentage of leskers. How-
ever, there was some evidence that later vacuum cast materials in which
brocessing was tightened up were better in vacuun tightness, ability to
take loading, and in improved ductility. The curtailment of the window
Program did not permit evaluation of some of the later shlpments, in
which the supplier modified his brocessing in order to improve the
material, nor was there an opportunity to look into the fea51b111ty of
using ultra-purity materials such a8 zone refined metals, which have
higher ductilities than the material available heretofore. While the
higher purity materials have Jower mechanical strength, the indications
are that their mechaniesl strength should be adequate to the applicatioﬁ.
' The strike at Brush Beryllium continued for the duration of the remainder
. of the program, so that an opportunity was not afforded to evaluate
regular production Be, 1.e., material made by their'regular operators.
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1.08. The Be Joining Program

The methods considered for making vacuum tight seals between
Be foils and the window support were brazing, soldering, arc welding,

diffusion bonding, spot welding, electron beam welding and ultrasonic
welding. It is important to appreciate that it was not only necessary
to obtain a vacuum tight seal to the window at the time of Joining but‘
that good thermal contact was mandatory between the edge of the window
| and the main body of the window support to avoid excessive thermal

gradients. The brazing approach had promising results from its incep-
tion and thus proved to be the area in which most effort wasjinvested.
It did prove feasible as a result of the development effort to develop
techniques for fabricating reasonably reliasble vacuum seals for the

- window application by brazing in a pure H2 atmosphere. ASIindicated
previously the major problem at the termination of the program were the
pinhole leaks in Be propef vhich showed up in various stages of proe

cessing; including in the completed tubes.

Welding:

As a result of the promising results obtained with brazing
this phase of the project did not reach the experimental stage. It
appeared particularly difficult to effect a good thermal 'seal between
the window to the supporting menmber using this technique.

Spot Welding:

It has been found possible to spot weld copper-plated
beryllium to cdpper. In this experiment, a 0.0005" thick piece of
Incusil 15 brazing alloy was placed between the copper and beryllium

- and the spot weld was made with a capacitor discharge welder; bare
beryllium was not exposed during welding.

Electron Beam Welding:

Some preliminary work was done at Hamllton Standard on the
electron beam welding of one mil beryllium foil to copper. A complete
leak~tight weld was not achieved. Best results were obtained by welding

~ Approved For Release 2000/05/04 : CIA-RDP67B00657R000300080001-9



Approved For Release 2000/05/04 : CIA-RDP67B00657R000300080001-9

1008 - 2

through a T-mil thick copper mask, on top of the beryllium, through
the beryllium into the base metal. In some areas the beryllium was
melted but it did not jdin to the weld pool. Power levels, welding
speeds, and other parameters were varied but leak-tight welds could
not be produced. The major problem with this technique was the main-
taining good contact between the beryllium and copper so0 that a weld

_could be formed between the two matrices. It was difficult to maintain

this contact. When it was not maintained the molten beads of copper
and beryllium did not coalesce. Even when the beryllium was tightly

sandwiched between two\pieces of copper, complete bonding between the

two metals was not achieved.in 100% of the required area.

Diffusion Bonding:

Diffusion bonding was used for making several leak-tight
Joints in test specimens consisting og a 1/4" square of 0.0005" thick
beryllium mounted between two pieces of solver~plated copper 3/8" in
diameter by 1/2" high with a 1/8" hole through the longitudinal axis.
The parts were Joined in a pressure bonding apparatus. Parts were
assembled beneath a hydraulic ram, loaded to 200 1bs, heated to 790°C,
and held at temperature for one minute. The silver-copper eutectic

~ formed and caused the parts to braze together. When micrographs were made,

it was found that beryllium had also been dissolved and Pprobably formed

‘a ternary eutectic. The beryllium foil dissolved right up to the edge of

the brazed joint. However, two of the three experimental assemblies
were vacuum tight.
On the basis of these experiments, an experimental window

- assembly was joined using the same technique.  In this assembly a 1-1/4"

square of 0.0005" thick beryllium was joined to a silver~plated copper

support about 1/2" thick-and 4" in diameter. The beryllium was placed so

as to cover the slits which were centrally located on the copper piece.
Results were poor. The foil buckled end cracked. Better results were

. obtained on a similar assembly in which individuasl pleces of beryllium
s were cut to Just cover the holes, but the Joints were not leak tight.
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Seversl attempts were made to diffusion bond beryllium foil
directly to the copper without the use of the intermedeary silver layer.
This was not completely successful. One small specimen was leak tight,.
but in larger units buckling of the foil was encountered.

In summary, the diffusion bonding was promising but needed
considerably more work, including better pressure ponding equipment
than was employed in the tests. Accurate fit up of parts was a major
consideration. However, formation of a liquid phase during this process

may help to minimize tolerance problems.

Brazing of Beryllium:

Brazing trials were made originally in vacuum to obtain
wetting. Three brazing alloys, 80% copper-15% silver-5% phosphor (1185-
1300°F); T2% silver-28% copper (1435°F), and 62% silver-23% copper-15%
indium (1274-1320°F), i.e., Incusil 15, were tried. In the experiments,
the brazing alloy, usually 0.0005 to 0.002" thick was preplaced between
the beryllium and copper to preclude the necessity of alloy flow. All
three alloys wet the beryllium but also dissolved it.

To obtain better control of the time the beryllium was in
contact with the molten brazing alloy, the experimental window assemblies
were brazed in a vertical furnace containing a hydrogen atmosphere of
unusual purity. This furnace consisted of a pedestal about 5 £t high
over which the hydrogen~filled, vertical furnmace could be lowered. The
lower part of the furnace was cold and the upper part was at about 1900°F.
Thus, the work was placed on the pedestal and the cool zone piaced over
the pedestal for purging. Then, the hot zone was lowered over the work
until the alloy was observed to melt. As soon as the alloy had melted
and flowed, the heated portion of the furnace area was ralsed and the
work passed into the cooling zone. '

It was found that the brazing alloys would not wet the beryllium
in hydrogen so the beryllium was plated with about 0.00001" of silver. In

_ early trials with 0.005" thick beryllium the alloy was preplaced under the

 beryllium and vacuum tight Joints were obtained. Later, when the beryllium
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(0.002") was curved longitudinally, the alloy was preplaced over the
edges of the beryllium on the copper and flowed into the Joint. Vacuum~
tight Jjoints were made between beryllium foil 0.002 and 0.005" thick and

- the two copper sheets used in the window support.

| Since the initial tests on the brazing of 1/2 or 1 mil
beryllium were not completely successful, effort was concentrated on
brazing 5 mil sheet to obtain a sound sealing Jjoint. About eight helium
tight window assemblies were fabricated using the following procedures:

a. The copper assembly was pretinned with l/E-mil thick
Incusil 15, then more 1/2-mil thick Incusil foil (1/8" wide) vas preplaced
by spot welding.

b. Two pieces of beryllium about 1/4" x 1-1/4" were copper
plated and laid on the p}eplaced foil in the proper location. Then another
strip of 1/2-mil thick Incusil 15 foil (1/8" wide) was placed over the
edge of the beryllium and tack welded to the copper.

c¢. The unit was brazed in the "vertical" hydrogen atmosphere
furnace referred to above. Although the furnace temperature was maintained
at 950°C the brazed assemblies did not reach this temperature. Dwell time
‘In the furnace, determined experimentally, was just long enough to melt and
flow the brazing alloy.

' In another method, the beryllium was plated with copper or silver
then nickel and the copper inserts were tinned with Incusil 15 (15%
indium, 24% copper, 61% silver - MR 635 - T05°C). Incusil 15 was also used
for final brazing and was preplaced above or at the edge of the beryllium .
to form a fillet. A weight of TO ounces was used to hold the beryllium
in place, to imsure maximum contact between the beryllium and copper
surfaces, and to obtain thermal contact as close as possible to the slits.
. Five units produced by this technique have been satisfactory for test but
" not leak tight to helium.
7 In still another second method, the silver and nickel plated
beryllium was brazed directly to copper not previously tinned. The brazing
T alloy was preplsced under the beryilium and the same weight was applied.
,Several units made by this technique have been leak tight to dye check but
‘not to helium. The units, however, could be pumped to a pressure less than
1072 mm of Hg.
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Further experimentation, tighter controls, more attention to
the cleaning of the Be and the quality of the plating greatly improved
the quality and reliability of the brazing. The major problems exper-
ienced in brazing of thin beryllium foils to copper were as follows:

&« The foll was easily dissolved by the brazing alloy.

b. The foil wrinkled and buckled upon cooling from brazing
temperature. ,
¢, The amount of alloy used had to be adequate to make a
Joint and to fill gaps made.by wrinkles of the foil, but still small

 enough to minimize solution.

d. Holdlng the edges of the foil in the brazihg alloy was
8 problem.

As indicated previously, solution of beryllium foil because of )
poor temperature control énd cooling in vacuum forced the selection of
the vertical hydrogen furnace where heating and cooling could be easily
controlled. However, wetting of the beryllium in hydrogen could not
be obtained untll it was electroplated with about 0.0005" of silver.

The adhesion of the silver plating was only fair but was satisfactory.

The silver promoted wetting but dissolved in the brazing slloy. Diffusion
treatment improved adhesion of the silver plating but did not improve

the overall results.

Some solution of the beryllium occurred in the brazing alloy,
but it was limited and did not appear to interfere with the end Pbroduct.

The alloy formed was probably a quéternary eutectic of silver-copper-

indium~-beryllium. Mechanical properties of the brazing Jjoints were not
determined but performance in tests indicated they were satisfactory. The
major difficulty at the end of the program wae the formation of pinhole
leaks in the beryllium during processing. As indicated previously these

" leaks were probably caused by micro-cracks, inelusions, diffusion,
' oxldation, or corrosion. The indications were that given a pinhole-free

Be material, it would be possible to make satisfactory thermal contact to

the window support.
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Ultrasonic Welding:
Some preliminary experiments using ultrasonic welding were

conducted in these laboratories. Initial results did not look promis-
ing. The Aeroprojects Company was contacted on this problem, and some

tests with aluminum foils were conducted.
One of the major problems with this technique appeared to be

in making the seal close enough to the edge of the window support so
that prohibitive thermal gradients could be avoided. In view of
promising work with the Be brazing this approach wes discont;nued.
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1.9 Testing of Experimental Be Windows

Method and Apparatus:
In the evaluation of a given window design, the following tests

were pefformed:

a) The window and seal were checked for vaecuum tightness.

b) The ability'of the window to stand up under continuous
and intermittent loading as a function of time was determined.

c) Measurements on beam transmission for different thicknesses
of window were made. ,

The vacuum tightness tests were straightforward and could be
performed with eage using a conventional helium leak detector and appro-
priate fixturing. After a study was made of different techniques for
simulating the kind of window loading that an electron beam would pro-
duce under operating conditions, the decision wag made to test experi-

mental windows by uéing the proposed electron beanm configuration directly o

in a demountable design In which the experimentsal window'assemblies could
easily be installed. - The decision was based on the excessive amount of
development required to perfect a test for simulating the loading effect
of the beam and the considerable degree of uncertainty that would be
involved in interpreting how the simulated test would spply to the load-~
ing stresses produced by the electron beam in the final tube. fThe
experimental arrangement permitted testing the windows undef almost

exact operating conditions. Details of the structure and use of the
demountable tube appear in Chapter 2. |

Test Results:
All of the results of the comprehensive series of hundreds of

tests on the ability of different Be materials sealed to window config-

~urations of various designs to stand up under continuous ang pulsed

loadings are too extensive to be included here. suffice it to Present
some of the tests conducted on flat Be windows brazed to golid copper
anodes via an intermediate -020" thick copper sheet, shown in Table
1.09.0L, these being the most promising of the series. For the .002" Be,
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the values of transmiﬁted pover at 150 kv corresponding to any given test
the table can be obtained by multiplying the absorbed, or loading power
by 3.1. Thus, for example, a loading of 100 watts absorbed power per
window corresponds to a transmitted loading of 620 watts for a double
focal window, and an absorbed loading of 200 watts corresponds simi-
larly to 1240 watts of transmitted power. .

Results on window F13 must be discounted somewhat since oﬁiy'
about 40% by the beam power noted impinged on the window due to the
.0L0" slot which was being investigated. This window, however, was
operated at 1/2 hour steps to an estimated value of absorbed loading
of 240 watts for 7-1/2 hours, and then for an additional half hour at
280 watts absorbed power on window. These results certainiy make the
possibility of oBtaining high transmitted loading capability by means
of very narrow long beams appear to be very attractive.

Window F20, a vacuum cast Be from Beryleco also looked promis~
ing.” It operated from 5 hours as it was raised in 1/2 hour steps to
300 watts, where it operated for almost a half hour before developing

“a leak large ‘enough to affect its performance. Since no visual damage
was noted, the indications were that it developed a pinhole leak. The
~ Be foils in experimental windows F24 of Table XIV were vacuum evaporated
samples which were fabricated at the University of California. Be foil
we.received from LRL had quite a few pinhole lesks. The windows were

"~ cut so as to avoid major areas of leaks.

The general conclusion from the tests on the Be windows

- lndicated that further development work on the production of Be foils
in the .00L" to .002" range of thickness which would eliminate the
pinhole leak problem would have a very beneficial effect on the loading
these windows would take without vacuum failure, particularly if good
quality folls becotne evailable in .00L" thickness. The indication from
the early work at Berylco was that as further increase in qyalify of
Be was realizable by further development of the techniqueé for rolling
vVacuun cast materials, techniques for purifying the Bé further such as.
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- the use of zone'ref;ninémpasses as part of the vacuum casting process
should be investigated as part of any future possible program on

windows.
As for the specific geometries tested the indication was that

the flat Be structure on a .020" flat copper intermediate sheet employed
in the tests of TMable 1.09.0L was probably superior to most of the other
structures tested in the Be program. An additional very promising ‘
direction for increasing loading is through the use of narrower line

focus beams and narrowver slots.
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1.10. Aluminum Windows

Comparisons with Be:

As indicated in Fig. 1.04.07, a 1/2-mil Al window has a
higher f factor; i.e., a higher ratio of transmitted to absorbed power,
than a 1 mil Be window. k . .

Since the thermal conductivity of Be is only slightly less
than AL (.385 as compared to .520 in calories/cmg/sec/cm), yet it
is twice as thick, the 1 mil Be window will transmit more power (28%
more) than the l/2-mil Al window will for the same temperature gradient.
The crucial factor in assessing the performance of a given window, how-.
ever, comes down to the question of what power the window has the capa-
bility for transmitting without damage to itself in the required loading
period. In thé tests we conducted this was determined experimentally
by measuring power absorption'and using the f factor to estimate power
transmission capsbilities.

A study of the tensile strength of pure Al foils as & function
of temperature revealed that aluminum unlike Be, rapidly loses its tensile
characteristics with increase in temperature. Sinece small amounts of
alloying elements contributed substantially to increased strength at high
temperatures, foils with small smounts of alloying agents appeared to be
called for. An attempt was made to minimize the amount of high atomilc

nuniber materials in the interest of reducing the cross-sectional losses
to beta rays. .

Al alloy 3003 and 1100 gluminum were selected for these tests
on the basis of composition and availability. The 3003 material consists
of 1.2% manganese, the remainder is aluminum. The 1100 materisl is
essentially standard AL foil and has a minimum of 99% aluminum. Soﬁe of
the loading tests made use of EC aluminum, which is still purer, having a
99.45% minimum content of aluminum.

Joining Problem:
A number of approaches to the problem of Joining the thin foil
.tq the window support were investigated including mechanical seals, brazing,
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diffusion bonding, and electron beam welding.

Diffusion bonding appeared to offer the most promise in
initial aﬁtempts. Farly trials were made by placing the aluminum foll and
gilver insert between two stainless steel blocks which were bolted to-
gether and heated in hydrogen at the desired temperature. Temperatures
tested were from 200° to 500°C and times were from 1/2 to 4 hours. Best
conditions appeared to be from 1/2 to 2 hours at 400°C but results vere
erratic. A new vacuum diffusing bondiné apparatus was built , both to
permit closer control of atmosphere and pressure. The unit is illustrated

" in Fig. 1.10.01. '
, Helium tight joints were obtained on aluminum foil to copper
“and aluminum foil to aluminum insert Joints, as well as on the aluminum
to silver units. Plating improved the bonding but introduced a pinhole
corrosion problem. The best conditions for the diffusion bonding appear
to be around 6000 lbs. load (about 9500 psi), and temperatures of 300°C or
above. Higher pressures could be used but the width of the sliits would
‘ﬁij‘ _ be reduced significantly but not uniformly. A temperature limit of 325°C
' - vas set after a literature survey indicated that recrystallization and
grain growth of 3003 occurred above this temperature. Higher Joining
temperatures also promoted some flow of the silver and closing of the slits.

The following conclusions were reached: '

(1) Leak tight joints between 3003 aluminum foil and silver-
copper or aluminum inserts can be made by a hot pressing or diffusion
technique. A temperature of 300°C and pressure of 6000 lbs. appear to
produce lesk tightness with the desired shape of the aluminum foil cross
section. ’ '

(2) Joints made below 400°C are mainly mechanical.

_ (3) Window assemblies made at either 300 or L00°C have main-
tained leek tightness after being exposed to 400°C in air for 5 to 1k
hours. - o ‘ ‘

o (M) Sandwich type structures appear promising for straight

v 81it construction.
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Coined Al Window Approach:

As a parallel techniqué, a series of tests were conducted
to investigate the feasibility of "coining" or forming the thin window
segment in a sheet of .010" or so aluminum foil. It proved possible
to coin l/E-mil Al windows out of .010" sheets, thus simplifying the
problem of Joining to the main window support.' :

Testing of Al Windows:

In excess of 20 experimental diffusion bonded Al assemblies
were tested using 3003 Al, 1100 Al windows and also'a purer EC variety.
Severai of these were operated for substantial tlmes in excess of 100
watt absorption. For example, window ALD-52 (1/2-mil Al 3003) operated
1/2 hour intervals at 50, 100, 125 and 150 watts of absorbed power, and-
finally at 20'minutes at 175 watts. Thils loading corresponds to 3500
watte of transmitted power for a double beam tube operated at 150 kv.
Almost all windows demonstrated the ability of withstanding loadings in

excess of 100 watts. Results with 10 coined windows were comparable.
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l.il. Miscellaneous Window Materials and Technigques

Lockalloy:

Samples of a new alloy (70% beryllium-30% aluminum), 0.030"
thick, were obtained from Lockheed Company for testing. The material
was rolled to 0.002" thickness by heating to 400-500°F between passes
of about 20% reduction. Edge cracked material was trimmed off and the B
1/4" x 1" pieces were joined to a copper anode support by diffusion
bonding. The Lockalloy was plated with copper, the copper support was

plated with silver end both placed between bolted stainless steel

blocks and heated for 1 hr at 500°C in hydrogen. A liquid zone of

_copper-s1lver4beryllium-aluminum was formed and acted as a brazing alloy. ,

The Jjoints made were found to be leak tight and the window assemblies

were used for Toading tests.

B Eight windows were given standard loading. In general, the
material was not as satisfactory as the Be windows in terms of capability
of standing up under loading. This result is particularly unfavorable
since the ratio of transmitted to absorbed power is lower than for Be.

The material was in an early stage of development at time of

. test. It is possible that more recent materials would be of better

quality. In a visit to Berylco we were informed that they had alloys of

similar composition under development.

Silicon: _

While this material appeared to be very promising in view of
its high strenéth, low atomic number, low thermal expansion coefficient,
and apparent low stresses under loading, it proved to be very disappoint-
ing in preliminary loading tests. The silicon window tended to shatter
very easily in handling and test. A systematic ilnvestigation of tech-

“niques for Joining it to matching materials, such as tungsten and molyb-

- denum vwas discontinued in-view of unfavorable initial results.

- Ag-Mg:

While pure silver drops excessively in mechanical strength as

- temperature increases, several hardening alloys are avallable having
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0.1 to 0.3% Mg, which have tensile strengths in excess of 30,000 psi
at temperatures in excess of 300°C. These materials are hardened by
the simple process of heating in an oxidizing atmosphere.

It was necessary to develop techniques for Joining the Ag-Mg
foil to the window support materials. This was accomplished by vacuum
brazing the plated foil with Incusil "10". The material demonstrated
satisfactory ability to take loading when 1/2 mil thick. At this
thickness transmitted power was insufficient to merit further work.
Thinner material was obtalned from a supplier, but was not satisfactory
from the standpoint of pinhole leaks. v

Pyrolytic Graphite:

Pyrolytic graphite is a unique form of graphite which is pro=-
duced by the pyrolytic . deposition process. It has unususl aenisotropic
properties. In the "a" direction,parallel to the deposition surface,it
has a thermal conductivity which 1s higher than copper in the room
temperature region and a factor of 200 lower thermal conductivity in the
direction normal to the original disposition surface. In view of its
low atomic number. and unusual thermal conductivity, an investigation
of a preliminary nature was conducted to assess its potentislities.

Pyrolytic graphite flakes procured from High Temperaturg
Materials, Inc. in 1/2 mil to 1 mil thickness were checked to be leak *
tight on the helium leak detector. Several attempts were made at High
Temperature Materials to deposit a thin pyrolytic f£ilm over slot con-

'figurations such as employed in the experimental demountable anodes.

They did not succeed in producing films suitable for test.

Vacuun Evaporated Be Foil:
Several suppliers suggested that vapor-deposited material
might be suitable for the window application, an idea strengthened by

(12)

a Russian publication This material, when evaporated on to backing

plates held above 850°C, could be bent several times over a templet 1 mm

clae V. M. Amonenko, A. A. Kruglykh, V. 8. Pavliov, and G. F. Tikhinskii,
Production of Be Foil, Zavodskaya Laboratoria, Vol. 26, 625 (May 1960)
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in diameter. The foils were reported to be vacuum tight in thicknesses
down to 1-1/lL-mil of Be when evaporated on to plates held below 300°C.
The plasticity of these foils could be enhanced by sultable annealing
in the temperature range between T00°C and 800°C for 3 to. 6 hours. In
the Russian process, the Be is rolled after evaporation.

Dr. R. V. Bunshah of the Iawrence Radiation Laboratory, |
Livermore, Calif., was contacted to see 1f LRL might provide samplgg of
Be evaporated foils. From the information he provided, it appeared that
the Livermore process was similar to that employed by the: Russiansi The
samples provided had an excessive number of pinholes as r?ceived. Hov-
ever we were impressed by the good flexibility of this paiticular foil.
Results on testing were comparable if not superior to standard Be foil as

obtained from the Brush Beryllium Company.

Cryogenic Approach to High Power:
From curves of the variations in the thermal conductivity and

expansion of Be with temperature, it is evident that the advantages of
lowering the temperature of thé Be window foil to the crybgenic tempersg-~
ture range would be considerable. In the first place for pure Be the
tﬁermal conduetivity would be down by a factor of 5 to 25, depending on
the purity, and thus greatly reducing thermal gradients or permitting
substantial increase in loadings. Secondly, the slope of the linear
expansion curve of Be decreases significnatly with temperature. Thus

a glven temperature gradient at low temperature would be expected to
produce lower mechanical stresses than the same temperature gradient

at high temperaﬁures.

A loading test was performed on a window fabricgted from a

Berylco vacuum cast copper using liquid N2 cooling. Thredhold KV of
window was 60 kv. The window was given 25 cycles at the 50 and T5 watt
loading levels and 50 cycles respectively at the 100, 125; 150, 175 and
200 watt levels. Fallure occurred after 48 cycles at 225 watts as the
result of an overheated spot in the loaded zone. |
i A second loading test using the deep 0.1" R demduntable design
‘was conducted using .005" thick Be material which has beeﬁ thinned by
electric discharge machining to two mil. The threshold voltage was

76 kv. Liquid nitrogen cooling was used. The temperature was observed
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to be ~180°C. The window was subject to 25 cycles at 50 and 75 watt
loadings followed by 50 cycles respectively at 100, 125, 150, 175, 200
and 225 watts. Failure occurred after 7 cycles at 250 watts aes a result
of an overheated spot in the loaded zone. It was interesting to note
that most evidence of heat was on the atmosphere side of window.

A rough estimate was made on the welight of liquid N2 coolant -
which would be required for this use. If a 10°C temperature rise were
permitted, it would require about 400 pounds of liquid N, an hour to
handle 1 kw of absorbed power. Tor 2 mil Be this would correspond to
3.1 kw of transmitted power, and 8.6 kw of transmitted power for .00L1"
Be. Since the heat of vaporization of liquid N2 is 100 times greater
than its heat capacity, considerable economy of weight could be effected

by allowing the liquid N2 to vaporize into the ambient environment.

Coneclusions:

In -assessing the window program on the basis of the results
reported, it is important to recall that Iits termination was dictated
by the realdization of an alternastive system, which, although more complex
and bulky, did satisfy the requirement of immediate avallability. A
number of the window ideas mentioned in this last section are felt to hold
conslderable competitive promise,: although not without extensive develop-
mental effort. It is, therefore, suggested that the question of additional
window work be re-examined at a future date, when a better assessment of
the operational advantages to be gained by utilizing window tubes can be

nade.
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CHAPTER 2

WINDOW TUBES

2.01 Introduction and Summary
The pivotal element of an electron beam generating tube is the

window, covered in Chapter 1, but other elements must be provided: a

cathode, means to connect the cathode to the power supply, electrical
insulation for the connection, and a pump to keep the tube evacuated

in the face of leakage or perfusion qf gas through the window.

Demountable tubes were used to test experimental windows with-
out committing more than a minimum of material and lsbor to an expend-
ible part. These tubes were provided with the same cathodes used in
the prototype tubes and simulated the prototype tubes in all details
but the arrangements for vacuum.

Difficulties in obtaining and keeping good registration of the
two beams on the two window slits inspired the development of an adjust~-
able cathode, in which the two4filaments, carried in their focusing grid
cups, could be translated normal to their length for accurate registra-
tion on the slits of a window.

As it became evident that the quality of available window
material made & supply of enough tubes for a successful field test
Program improbable, several methods of accommodating to the situation
were proposed. Not even enough pood windows to try those methods were
obtained, but the ideas are discussed here, since they might prove use=-
fulvin any. future window program.

The insulation system adopted was dictated more by the limited
space avallable than by direct choice. The cable connectors made by
R. Seifert of Hamburg, Germany are about the only item available for
150 kv service in such swall size. They were used on the tube packages,

bover supplies and later on the Heraeus electron beam gun.
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2.02 Machlett Cathodes
Cathodes built to the design illustrated in Fig. 2.02.01 were

purchased from Machlett ILaboratories, Inc. for incorporation in both
experimental and prototype tubes. A pair of filaments and focusing
structures; adapted from Machlett line-focus x-ray tubes, was spaced
a convenient distance apart, which became the spacing between windows
in the anode. The cathodes were supplied on a glass stem as shown for
sealing into tube envelopes. One of the leads was connected to one
end of each filament, another to the two free ends, permitting series,
or parallel or individual operation of the two filaments. The post
at the center of each filament gave mechanical support only and was
insulated from the focus cup, permitting a bias voltage, introduced
on the fourth lead (not shown in the drawing), to be used to control
the distribution of the focal lines on the windows.

Because of the large calculated sensitivity of beam focus to
depth of the filament in the focusing cups, several different depth
settings were ordered. Pinhole radiographs of the foeal spots confirmed
the prediction of an optimum filament depth for a given anode-cathode
spacing, but differences in filament depth were obscured by other effects
in performance of actual windows. For example, it proved impossible to
focus the beams routinely on both window slits with the precision neces-
sary to achieve acceptable transmission through the windows and to
maintain the design values of thermal gradient. To accommodate all the

sources of variation, adjustable cathodes were designed and built.

Approved For Release 2000/05/04 : CIA-RDP67B00657R000300080001-9



9
2

01

10°20°2 "bid

2.02

apoyje) HajLyoew

Sy N N N N N N N N N N N N N N N N N SN NSNS S NN

L\

. . . W, . W

P %3 I3 B i T TV I T IANE S T s T

-RDP67B00657R0003000800

DT TN S DL IO T T TP i O YT T3 IR P T g

n

i

VA

B N, . N . N, . . WA, . . N N N . N N N . . W

ALY

o I & 0O/

Approved For Release 2000/05/04 : CIA

Approved For Release 2000/05/04 : CIA-RDP67B00657R000300080001-9



¢

Approved For Release 2000/05/04 : CIA-RDP67B00657R000300080001-9

2.03 - 1

2.03 Adjustable Cathode

Deslgn:

The most serious problem encountered in the use of the Machlett
cathodes was the loss of transmitted power due to small errors of regis-
tration of the beams on the windows of the prototype tubes. A cathode
was needed which would have its filaments sufficiently adjustable to
allow for proper beam alignment after initial test, when it could be
rigidly fixed for continued operation.

The basic design is shown in the upper illustration of Fig.
2.03.0L. Two Machlett focusing cups were mounted on rods pivoting on

knife edges to accomplish the required lateral movement. The opposite

rends of the pivoted rods were threaded and moved in slots in a phenolic

Plastic cap attached to the end of the tube with a high temperature
cement. A nut on the rod clamped it in position; a drop of cement held
it there. The rods were vacuum sealed with metal bellows, and the
electrical leads were brought in with glass or ceramic'feedthroughs

as shown in the two lower views of the figure. The filaments were run
in series to eliminate the need for another feedthrough in this design.
With the potentiality of perfect alignment it was not necessary to be

able to operate Jjust one filament.

Fabrication:

The initial step was a high temperature braze of the internal
Parts to the supporting plate. Next, the stem was attached in a glass~-
ing operation, after which the feedthrough(s) could be installed and
the cathode finished by spot welding the focus‘cups, electrical leads
and shield. Care was taken to keep the cathode extremely clean at all
times, and leak checking was done at éppropriate stages of assembly to

insure gquality comparable to the commercial fixed cathodes.

Testing:
The cathode structure was subjected to some limited vibration

testing in the design stage in the form of & model. Natural frequencies
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Fig. 2.03.01

Adjustable Cathode
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of low amplification were found in the critical range of the design
vibration envelopé, but elearance in the pilvots caused variations in
the response.

The means of clamping and of movement to correct observed errors
in registration were satisfactory, but the clearance in the pivots
allowed angular nisaligament and also axial movement that changed both
focus and perveance.

Focus cups were joined to the pivot rods by a spot weld on a
sleeve joint; this loosened in some units.

Aside from these malfunctions in specific units, the design
performedvaé intended and did correct the troublesome discrepancies of

registration.

Modifications Recommended:

A modified design of the pivot, which never was built, provides
for positive retention of the pivot in its seat. This change and sa
reduction of welght of the focusing cups should remove all the defi-

ciencies observed.

Adjustable Optical System:

Late in the window tube program, a need was seen for a means of
varying not the beam alignment but its geometry. In size and in axial
current distribution, the focal spots produced by the standard cathodes
were not optimum for many desired tests. A broader beam of uniform
current density was needed for multi-aperture windows, and a much narrower
beém was desired for other special designs. Since direct calculation of
exact cathode element spacings was impracticable, they were determined by
experimenting with combinations established by simpler methods.

A test setup was designed around a piece of pyrex pipe, which
served as vacuum envelope, cathode insulstion and anode-cathode spacer.
The pipe stood on the surface plate of a bell jar system, and the cathode
was suspended inside on a stem containing electrical feed-throughs and
adapters to make connectlons to the filament and to position the grid.

An anode, supported by an adjusting screw, was mounted inside the pipe
on the base plate. Magnet coils could be drppped over the tube to pro-

duce an axial field at the accelerating gap.
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The straight filament, one inch in length operated within a
rectangular slot cut in the grid, which was a plate thicker than the
slot width, so that the filament was in a kind of well.

The anode was a two pound cylinder of copper to eliminate the
need for cooling requirements. A heavy gold plating on the target

_surface gave good, sharp X-ray images which were recorded with a pin-
hole camera oubside the envelope. From the camera dimensions and image
measurements, focal spot sizes could be calculated with good accuracy
down to 1 - 5 mil widths. Below this limit, thin aluminum foil was
stretched across the anode, and the burned-through areas were'taken as
direct measures of focal spot size. Widths as low as 0.0005 inch were
measured by this method.

Some representative results are collected in Table 2.03.01.
A1l of the dimensions given are referenced to the face of the grid

closest to the anode, as shown in the inset.
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l filament

TABLE 2.05.01 ' : X
T T H
BEAM WIDTH AS FUNCTION OF v d ' ogrid |
FILAMENT DEPTH, GRID BIAS, 1 F
CAND AXIAL MAGNETIC FIZLD: 40 kv .8L2
A1l Dimensions in Inches ¥ JL_ -~
‘ » ¢ “anode
Fil  Flux
Depth Density Grid Bias v dc
d (in) B (gauss) +510 +20 +45 0 -45 -90
0 . 240 245 250 X X
Lo 30 .050 027, L0086,  Negebive bies
= 700 .0l4 006 .006 cut o can
0 .200 .288  .950
i 800 .180 .065 .047
4 550 .087 .040 .033 027
700 . .014%
]
-/g 0 .335%
1 .
-8 0] . 390
0 0o .710
0 : .813
55 .813
110 775
1 165 L7531,
/16 220 .690
440 .196
550 1453
605 . .150

a: Very nonuniform distribution

- w: These figures based on assunption of 3% tile of comera axis. If
tilt is zero, beam width should be reported 0.001.
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2.0k,  Demountable Tubes
Since the demountable tube was intended to provide data for

prototype cathodes and windows, its construction, Fig. 2.04.01,
deviated from the prototype design concept only where its different -
role made the change unavoidable. ‘

The cathode is supported and positioned by a glass stem, axially
re-entrant in the cylindrical tube envelope. An exhaust arm leaves the
slde of the envelope and connects to the evacuation stand. The cylin-
drical envelope terminates at a seal to a thin Kovar cylinder, which is
brazed into a flange. This flange carries a groove for an O-ring, which

' seals the anode plate, and a bolt circle for the clamp by which the anode
plate 1s located and fastened.

Bverything pertaining to the window was contained in the anode
plate, which was provided with a smooth inner face for efficient sealing,
cooling coil(s) if required, and the window under test. In addition, a
bolt circle was usually provided on the external face o permit the use
of a'protective cup, which could be evacuated, or filled with an inert
gas, to mitigate the effects of window failure on the cathode.

The windows were located by an extremely simple technique. Lines
were scribed across the face of the tube flange, parallel to a diameter
and offset by half the spacing between filaments. Correspondihg lines
were scribed on the cylindrical lip of the window Plates, marking the
centerlines of the two slits. _

With the clamp screws holding the window Plate lightly against
the O-ring, finger pressure Produced motion without stick~slip, and the
four pairs of scribe marks could be aligned by eye within abéut .00k
inch. Occasionally, distortions from brazing or small machining errors
would make registration of both window slits impossible. When all the
error was imposed on one slit, it would show the error clearly on test
while the other performed well. This was taken a8 validation of the

method for normal cases.
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When a demountable tube was provided with a new cathode or had
been open for some time, it was baked out as well as its silicone O-
ring permitted. This was followed by high voltage seasoning, with the
cathode cold and a large protective resistor in series with the power
supply. Normally, a brief cold seasoning was all the treabtment required
since about 120 kv, depending on weather, was the flashover limit of the
air termination between cable and tube. This ﬁroved adequate for lab-

oratory use.
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Demountable Tube
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2.05. Testing Windows with Demountable Tubes

After evacuation and cold seasoning, the first step was to
verify the window registration by means of pinhole radiographs. The
camera shown in Fig. 2.05.01 is typical of the several models used.
Those beams which are well centered and those which are not are easily
told apart in the radiographs of Fig. 2.05.02. In the ideal case,
four separate lines can be seen, showing the four separate images of
the filament produced in perfect focus.

The next step was determination of the window penetration
threshold voltage. At a current level below one milliampere,)the
accelerating voltage was slovly raised until a glow in the gas at the
window indicated electrons were penetrating. An alternative detector
was a thin film of zinc oxide, which gave a brilliant white fluores-
cence when excited by electrons. Unfortunately, the two methods did
not give exactly the same results, differing by two or three kv in
40-60 kv. The gas glow required a small excess of electron energy to
produce a glow discernable against the red hot window. The phosphor,
on the other hand, began to glow just before complete penetration,
because of the copious soft x-rays generated just beneath the surface
of the window. A little experience quickly provided a feeling for the
voltage to be subtracted from the gas glow Ifigure to give én accurate
report of the threshold electron energy.

Various thermal tests usually followed, always run at voltages
below the threshold so that the absorbed power could be estimated with
greater accuracy. The soundness of the window attachment was measured
by continuous operation or by cycling on and off with a peridod of several
seconds. Faster pulsing, which measured the thermal shock resistance of
the window materisl itself, required full power operation, for which
prototype tubes were used.

Another test, run slightly over threshold, gave indications of
the rate of gas leakage and/or perfusion through windows. Absolute
readings were hard to make, since the beam produced enough ions to
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Pinhole Radiographs

Fig. 2.05.02
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affect the indication of the vacuum gages, butkcomparative readings
were possible, by vhich the different windows could be ordered from
the most pervious to the least.

The thermal loading tests were usually run with the protective
cup installed, so that failure of the window would not admit air, which
would have ruined the hot cathode. The post mortem analysis of failed
windows was ordinarily confused by events taking place after the actual
failure. GCas streaming through a crack in the window would encounter
the beam and be heavily ionized, concentrating the subsequent,current
surge of the flashover directly on the parts wanted for examination.
For this reason the protective cup was frequéntly evacuated to a few

microns pressure when the exact mode of window failure was in guestion.
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2.06. Prototype Tubes

Introduction:
The prototype tubes, which the demountables simulated, consist

of the following sub-systems: cathode, anode with windows, cooling,
electrical insulation and connection, and vacuum holding. All these
except the insulating oil expansion tank are shown in Fig. 2.06.01.
The anode is shaped to fit into the installation with cooling coils
directly behind the mounting flange to absorb the window power losses.
Directly above the ancde is a cylindrical section in which are brazed
tubulations for exhaust and vacuum maintenance. The shield, which
protects the glass-to-metal seal from the electric field, is heliarc
welded to the other two at the edge of the three-ply flanée which
doubles as the sealing surface for the insulating oil tank.

Assembly:

The cathode and envelope assembly and the anode and flange
assembly were joined in a fixture which permitted exact aligmment of
the cathode filaments and window slits. The focusing track of a micro-
scope was set up parallel to the axis of the cathode and a reticle »
centered on one filament. Then the microscope was raised, and the anode
assembly was set on the tube and shifted around until the reticle could
be focused on the corresponding window slit. Clamps held the two parts
together until tack-weld beads could be run to hold the tube together

for the final sealing weld with inert gas in the tube.

Vacuun System:

A one liter per second Varian Vaclon pump was mounted on the tube
package to maintain the vacuum against small leaks. The tubes were ex-
hausted with a Varian VacSorb roughing pump and a 15 liter/sec VacIon
bump. This arrangement insured absolute freedom from contamination by
bump oil, as the VacSorb pump removes gas by adsorbing it on molecular
‘sieve, an artificial zeolite, chilled to liquid nitrogen temperature.

The VacIon pump is just as cleen, since it pumps by burying gas molecules

in sputtered titaniim.

.Approved For Release 2000/05/04 : CIA-RDP67B00657R000300080001-9
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The high electrical and thermal conductivity of the OFHC#*
copper tubulations made silver brazing the exhaust and msintaining pumps
to the tubulations a problem. It was solved by pressing a steel ring
over the Jjoint to concentrate heat from an induction heating coil.

There was a possibility that the stray field of the magnet
required for the Vaclon pump would be strong enough at the accelerating
gap to ruin the beam registraticn. Measurements made with a pump and

- tube shield in operating spatial relationship gave field densities of
one to twd gauss at the cathode position, too little to deflect the
bean significantly for the way the slits and mapgnet were oriented.

The tubes were processed on an exhaust stand in which the pumps
were wounted under an insulating panel on which the tubes could be set
up. This construction permitted an oven to be dropped over the tube
for outgassing without affecting the vacuum pumps.

After a VacSorb pump had pumped the system down to 10 microns,
a 15 liter per second VacIon pump took over. This pump is capable of
pumping the system down to approximately 2 x lO-9 torr or a pump current
of less than 1 microampere. On the initial pumpdown if the tube systém
functioned properly with no vacuum leaks, the oven was dropped over the
vacuun stand for bakeout.

Bakeout or outgassing was done in two steps. First, the
external baking oven was used and then the inner metal surfaces were
outgassed using rf heating. ‘ ,

The oven bakeout was done using an oven that fitted over the
complete tube assermbly. The 15 liter per second pump and VacSorb are
mounted under the transite system base for maximum heat isolétion.

Whether temperature was controlled meanuslly or automatically,
the rate of oven temperature rise was guided by the vacuum system
Pressure. In order not to contaminate the vacuum system the pump
current was held to 4 ma or less. This is approximately 2 x lO"5 torr.

The bakeout in the automatic mode is covered in the following section.

*Oxygen-free high conductivity
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For manual bakeout, visual recorded data determined the times that
temperatures were increased. The approximate time to reach 400°C in
either mode was 6 hours. Variations in bakeout time depended on the
cleanliness of the tube and vacuum system during assembly:

An extremely high rate of outgassing occurs at a temperature
of 200 to 300°C. The time spent pumping in this range was much
longer - than at the lower or higher temperatures. Baking at Loo° ¢
was maintained for a period of approximately 8 hours or until the
vacuum system pressure dropped to 3 X 10"° torr. At this.point the oven
temperature was slowly decreased to room temperature over an average
time of 4 hours. The oven was then removed and the system prepared for
rfiheating. An rf generator was used to outgas the metal surfaces and
shiclds within the tube. Parts were heated to approximately 400°c and
controlled to limit the pump current to 5 ma or a pressure of 3 X lO"5
torr. Cathode filament current was maintained at 4 amperes during the

rf outgassing operation. Rf cycling required approximately 8 hours.

Automatic Baking:'

To minimize the amount of attention needed for tube treatment
a system was devised to monitor temperature against pressure and pro-
gressively drive the temperature to the upper limit of baking. An
addéd feature enabled the tube to be baked eight hours or to a pre-
determined vacuum pressure and then cooled to 50°C at which time the
equipment was de-energized.

Constant vacuum check was maintained on the system through
the current of the 15 liter/sec VacIon pump. A signal was taken
from the Vaclon power supply and fed to a transistorized
amplifier. The amplifier was used to trigger the temperature controller
three ways: run up, stop or run down. At the completion of the run
down cycle all temperature controlling equipment was automatically
turned off. After the initial equipment startup all functions are

automatic and further attendance is not required.
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During the run up cycle the recorder controller is gear driven
upward to a temperature of 400°C. As outgassing starts, causing the
Pressure in the system to rise, the sense circuit will stop the recorder
drive. A current of 2.5 ma (approximately 10-5 torr in the wvacuum
system) is the point of stopping. This point is adjustable.

While in the stop portion of the cycle the system remains
stationary until the pumping system pressure has dropped to a pre-
determined value. A current of 1 ma or a bressure of approximately

.6 x 10-6 is the lower stop limit. The upper stop limit is set at 4 ma
or a pressure of approximately 2 x 10-5. The upper and lowerjtrigger
points or bandwldth is adjustable. A standard strip chart temperature
controller (0-500°C) was slightly modified in this system. A low limit
switch set at 50°C, a upper limit switch set at 400°C and an override
switch set at 420°C were added. Two toggle switches were also installed,
one to change the recorcder controller from automatic to manual, and the

other to provide a reversible manually controlled drive.

Insulation System:

In order to have the beam generator a convenient Package, a high
voltage cable connector was required. From the standpoint of reliability
in minimum size, the connectors manufactured for their X=ray equipment
by Richard Seifert Co. of Hamburg, Germany are the best available com-
mercial units. This receptacle and cable-end combination provides three
conductors (two filament leads and a common) insulated for 150 kv dc.
The x-ray tubes for which this connector is intended have a three-pole
terminal which makes pressure contact with three spring pins in the
receptacle. A similar terminal was provided for the tube aé shown in
Fig. 2.06.0L.

Some difficulty was encountered in fixing the cap firmly to the
tube envelope without inducing cracks when the temperature rose. This
was finally accomplished by using a resilient infermediate member of

cork between the tube wall and the cup.
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Because of size limitations, oil spaces around the tube were
not great enough to satisfy clearance requirements, 50 a barrier
of }olled up polyethylene sheet was added. This was generally quite
successful, although in one tube the insulating oil (Wemco C) softened
the plastic at high temperature, apparently without significantly de-
grading its insulating properties. '

Vacuum degassing, filtration and circulation of the oil, for
several days achieved insulation gqualities required for 150 kv opera-
.tion. The solid fill required an expansion tank, which was c?nnected

by a hose to one of the valves shown in Fig. 2.06.0L1.

Testing Window Tubes:

After evacuation and thorough outgassing, the tubes were given
a cold seasoning treatment, and the window registration was checked
with the pinhole camera. If acceptable on this score, the tube might
be given some further test such as thermal loading of the windows, but
usually the tubulation to the exhaust stand was pinched off at this
point, and the tube was ready to be installed in a package and subjected
to full load. The tubes were tested in a lead=-lined booth to protect
Persomnel. from any x-rays that might escape the shielded beam current
receiver.

One of the most important variables to be measured in full load
testing was the transmission, in terms both of energy and current. A
carbvon target in the current collector clamped over the window minimized
backscatter for accurate current measurement, and the energy received
was absorbed by a stream of cooling water instrumented to permit the
power reaching the water to be calculated. This number, plds a similar
quantity for the anode dissipation, usually agreed with the electrical
input within the power which could reasonably be attributed to convection

loss or pickup.
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Completed Prorotype Window Tube
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2.07. Tube Shipment
A relatively simple package was made for each individual tube,

utilizing a double suspension system. The ends of the tube were capped
with fitted styrofoam blocks and placed in a carton padded externally
with rubberized hair. This in turn was placed in another carton to
complete the package. Thus the styrofoam and matting amply supported
the tube in three directions. All parts necessary for the operation

of the tube, but not a true physical part of it, were shipped in the
game package in recesses cut in the styrofoam block or inner carton.
These parts included the oil expansion chamber and a power pack for the
1 liter/sec punp. A battery operated power supply was used to maintain
pumping in transit. A sealed l2-volt lantern battery proved to have

more than adequate life for the longest reasonable trip.
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2.03. Flight Tests of Dumny Tubes
In order to check out the power supply, control, telemetry and

other support equipment in flight without risking a good tube, which
might meet with an accident in such preliminary tests, a dummy tube
with a blank anode was fabricated, tested, shipped and installed. 1In
all, five flights were made with this tube operating, and a number of
troubles in the other elements of the system were uncovered. The
actual power was limited for this tube to a level that the cooling

system could handle, corresponding to the window and interception losses

in a standard tube.
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2.09. Alternate Approaches
When it became evident that materisl quality of beryllium would
make it impossible for a single tube to supply reliably all the power

reguired for the tests, an alternate scheme vas devised to mount two

or more tubes in a cluster and run each at the appropriste fraction of
the desired power level. This entailed the provision of multiple out=-
lets on the power supply and filament supplies to regulate each tube at
its share of the total load. An actual modification of one power supply
vas made to accommodate two tubes, but a reliable pair was not obtained
until after work had begun to convert the test configuration to the
Heraeus gun. Because of the success of the latter, no subsequent attempt-
at flight tests using window tubes was made.

At the same time that clustering was being considered, it was
noticed that the windows almost alvays failed during a downward tem-
Perature excursion, and that the cracks were usually small enough that
a5 liter/sec bump could cope with the leak from 20 torr pressure. A
design was made incorporating such a bump, and later s 15 liter/sec
unit, but then the approach was abandoned when the program emphasis was

shifted away from window tubes.

Approved For Release 2000/05/04 : CIA-RDP67B00657R000300080001-9



(

o

Approved For Release 2000/05/04 : CIA-RDP67B00657R000300080001-9
3.01 - 1

CHAPTER 3

. DYNAMIC PRESSURE STAGING AND HERAEUS GUN

3.01. Introduction
The transfer of an electron beam through a series of aligned

orifices contrasts strongly with almost every aspect of transfer through
& window. Power density is no longer a limitation. Instead, the
obJjective is maximum density in a small beam cross section with ‘tails!'
of minimum intensity outside the nominal beam envelope. The simplicity
of a sealed vacuum system is replaced by a whole range of pumps to
remove gas from the chambers between orifices. Pure tungsten cathodes
must be used in place of more efficient emitters that would be injured
by exposure to atmospheric pressure and ion bombardment. Along with
more complicated structure go more complicated operating procedures.
One reguirement in common is accurate positioning of the beam, but in
the pumped gun a little error is not immediately fatal, and all the
Pieces can be replaced if any are damaged.

Design of the pumping system for the Heraeus gun is based on the
work of B. W. Schumacherl. For the existing set of orifices, the weight
of the ducts and pumps was minimized within the practical requirements
of accessibility, available fabrication techniques, and the limited

space for the installation.

l. B. W. Schumacher, "Dynamic Pressure Stages for High Pressure/High=
vecuum Systems" in 1961 Transactions of Eighth Vacuum Symposium
and Second International Congress (Pergamon Press, N.Y., 1962),

Pp 1192-1200.
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3.02. Pumping Design
To maintain the required vacuum of JLO-LL torr or better in the

beam generating and accelerating chanber of a dynamic system requires
the application of several vacuum Pump~orifice combinations. By
broper vacuum pump selection and orifice désign an optimum number of
stages can be selected to meet space and weight requirements.

For the design of the dynamic pressure stages the gas conduce=
tance of the orifices and ducts must be known over the full range of
operating pressure and flow regions. Two basic flow conditions are
encountered in the dynamic system: '

1) Free molecular flow, which is found at extremely low pressures.
In this type of flow the collisions between gas molecules are considered
negligible as compared with collisions of gas molecules with the tube
walls. The tube conductance for this flow is independent of bressure.

2) Viscous flow, which is found at higher pressures and where
the collisions between molecules are no longer considered negligible.

The conductance for this flow becomes Pressure dependent.

In the viscous flow reglons, three different types of flow occur;
laminar, turbulent and effusive. Laminar flow occurs at slow speeds and
forms a parobolic velocity profile across the tube, with parallel flow
lines. At higher speeds the laminar flow profile is no longer stable
and turbulent flow begins. Turbulent flow will not be encountered in
the dynamic pumping systems, so no further consideration is necessary.
Effusive flow or"enthalpy controlled flow ocecurs when the Tlow of gas
through the tube or orifice is limited by the fact that the kKinetic
energy of any mass element of the gas al any one point in thelflow cannot
become higher than the difference in enthalpy between that point and the
stagnating gas.

In the free molecular flow region of a gas of molecular weight M
and temperature T °K, the kinetic gas theory gives an exact value for the

flow conductance of an orifice of area A in a thin wall:
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Tp o A v/h = 3.638 A(en®) I/M liter/sec (3.02.01)

vhere v is mean molecular speed, 14551 f T/M  cm/sec.

Tor air at 25 °C,

mFO = 11.67 A(cma) ;Liter/se‘c. ' (3.02.02)

The conductance of a tube of length,Q with diameter d can be found by )
(2

multiplying mFO by an empirical factor k, known as Clausing's tactor' ™,

which gives the conductance of a tube in the molecular ilow region:

m = k mFo, where k is & function of ,Q/d. ‘ _§3.02.03)

For laminar flow from pressure P;L to P2, the Hagen~Poiseuille .
Law(a) for a compressible gas of kinematic veiscosity'q gives the con-

ductance of a tube:
4 P 4P

i =%’§( %’6@ -8 liter/scc. (3.02.04)

For air at 25 “C and P2<< Pl’

= 34
lp = 89 a T P, liter/sec. (3.02.05)
For viscous effusion or enthalpy controlled flow, the basic laws
of energy conservation give the conductance of an orifice:
_ L
/¥ -1) RT

1/2 :
°r, =(f§i‘) A i"% : -f) liter/sec.  (3.02.06)

where Y is the ratio of specific heats, Cp/cv’ and R is the gas constant.

v

For air at 25 °C,

eFO = 20 A(cme) liter/sec. (3.02.07) .
The conductance of a tube, based on work by Fr8ssel(3), is:
°F ='))(-§) e.FO liter/sec. (3.02.08)

2. 8. Dushman, Scientific Foundations of Vacuum Technique (John Wiley
and Sons, Inc., New York, 1962), 2nd ed. .

3. W. Frdssel, Forschung, 7, 75 (1963)
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where1}(§}is the coefficient derived from data by Fréssel.

Eg. 3.02.03, 3.02.05, and 3.02.08 can be represented in a graph
with F and q &8 oxes and D as a parameter as shown in Fig. 3.02.01 (a,b,c).
Knowing the conductance F as a function of geometry, f/d and d, for the
three principle types of flow, it is possible to describe the complete
conductance curve for any orifice or duct as a function of pressure on
the diagram with F and P as axes. Some approximation must be made to
get the Pproper conductance line for the transition regions where flow
changes from one type to another. There lF and "F lines meet, the laminar
and molecular flow components must be added, i.e., F must be multiplied
by 2. Through this new boint, then a smooth curve is drawn tangent to
the lF and °F Sections. A number of such curves are shown as the gen-
erally horizontal lines in Fig. 3.02.01(d).

In this diagram are also shown the L5°-glanted lines of constant
throughput, Q. By definition the mass of gas, Q, flowing through a tube
ber unit time is determined by the pressure difference Pl-P2 and the

conductance, F, of the tube:
Q = F(Pl-Pg) (3.02.09)

For the case of a dynamically pumped vacuum system, it may be assumed

that P2<< Pl' This assumption simplifies the expression to

Q=FFP (3.02.10)

1
This approximation is the basis for the use of Fig. 3.02.01 in the
designing pumping systems.

Given an orifice and the upstream pressure, the thrqoughput is
determined. Downstream of the orifice will be the pressure at which
the system beyond the orifice can accept the throughput. In order to
make this comparison conveniently, vacuum pump characteristics, norm-
ally supplied by the bunmp wanufacturer in the form of bunmping speed vs.
bressure may be plotted on the PQF diagram. If fore-pressure tolerance
is specified for a given bump, this must be known exactly and taken into
consideration during pump selection and application, for the PQF diagram

does not provide a constant reminder of fore-pressure requirements.
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3.03. Design Diagram for Dynsmic Pressure Staging

VThe use of the PQF diagram in designing a system of dynamic
Pressure stages is best illustrated by following through the system
represented by Fig. 3.02.01. The conductance curves for the apertures

and pump ducts, calculated from their dimensions, are shown on the
diagram and labeled to correspond to the inset system schematic. Also
shown are the characteristics of the pumps taken from the manufacturers'
Ppublished data.

An assumed external pressure PO = 30 torr, established by the
valve shown in the schematic, causes a throughput of 10 torr-liter/sec
through the orifice Nl' This is the intersection of the Nl character-
istic and the 30 torr lines. This throughput line is continued until
it meets the mechanical pump characteristic, labeled 1397B. |

Mechanical pumps, in general, are used to pump to atmosphere and
provide a suction pressure in the low vacuum range. This type is also
used to provide the fore-vacuum required by other pump types, such as
mercury or oil diffusion pumps. The mechanical pump characteristic,
i.e., pumping speed as a function of inlet pressure, is relatively flat
over its full operating range and drops abruptly at the high vacuum end.
The Roots type mechanical pump characteristic extends into the higher
vacuum range where diffusion pumps are feasible, but is also requires
a forepump and is at a weight disadvantage over most of its Ppressure
range.

Where thé throughput line Ql intersects the mechanical pump
characteristic determines the inlet pressure of the pump. The same
throughput, however, flows through the duct before it reacheé the pump
and thereby experiences a small additional pressure drop. This is shown
on the diagram by the extension of the throughput line to the duct
characteristic. The pressure found there is added to the pump inlet
pressure to obtain the first stage pressure, Pl=2.3 torr. This duct
compensation is the only calculation on the diagram which is not com-

pletely graphical.

Approved For Release 2000/05/04 : CIA-RDP67B00657R000300080001-9



Approved For Release 2000/05/04 : CIA-RDP67B00657R000300080001-9

3.03 - 2

The procedure is the same in determining the pressures in sub-
sequent stages. It is interesting to note that the duct losses for all
the later stages are larger than the pump inlet pressure, rather than
smaller, as it was in the first stage. This means that the stage pres=-
sures would be very little different if there were a pump of infinite -
speed at the end of each duct.

In each of the pumping stages after the first, a fore-vacuum
requirement is met by the pump of the preceding stage, so that the
fore-pressure tolerance of each pump must be kept in mind. TFor example;
the MCF~60 oil diffusion pump must be backed by a pump which can maintain
a pressure of 1.2 X .'LO“':L torr or lower. The mercury diffusion pump
backing this pump maintains a pressure of 2 x 10-3 torr which is more
than adequate.

-Diffusion pumps may be classed as either fractionating or non-
fractionating, but both employ the same basic operating principle.
Molecules of gas move at random from the chamber being pumped into the
inlet of the pump where they collide with a stream of hot vaporized
pump fluid. The collisions propel the molecules toward the pump outlet
vhere they collect and are compressed to a pressure level high enough
for a fore-pump to handle. The vapor stream hits the cooled wall of the
pump, condenses and flows back to the boiler at the base of the pump.

In the fractionating type of diffusion pump the condensed pump
fluid is so directed that the most volatile components are vaporized
and fed to nozzles nearest the pump outlet. This is done in a series
of steps until the least volatile fractions are fed to the nozzle near-
est the pump inlet. The fractionating type diffusion pump p}oduces a
lower ultimate pressure than the non-fractionating.

Cooled baffles are often used on the inlet of diffusion punmps
to attain a lower ultimate pressure and also to reduce the back stream-
ing of pump fluid to the chamber being evacusted. Baffles introduce a
restriction to the pump inlet and consequently reduce the pumping speed
of the pump. It is handled just the same as s duct loss. It is import-
ant to point out here a note of caution in considering the characteristic

of diffusion pumps. As the inlet pressure rises the speed drops off and
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tends to follow a line of constant throughput. In a dynamically pumped
system, if the pump is required to operate near this portion of the
characteristic, the system will most likely be unstable. If the through-
put is increased slightly (and only for a short time), the result will
be the same as though there were no pump at all. The system will fill
with gas until the pressure rises above the fore-pump pressure.

Two other kinds of vacuum pumps used in the pumped gun program
are not shown in Fig. 3.02.01(d). They were used in both of the installed
gun systems, and their characteristics are plotted in Fig. 3.04.03 of the
next section.

The air ejector is a type of pump which requires no moving
mechanical parts and is generally used in the low vacuum regions. This
pump uses the jet action of one fluid to entrain and compress another.
Ljectors operate efficiently only up to a definite maximum ratio of
compression. The maximum economical compression ratios vary from 6:1
to 10:1 depending on velocity profile. This type of pump becomes
attractive when a relatively inexpensive supply of motive air is avail-
able and space and weight limitations preclude the use of mechanical
pumps . ¥

Sorption pumping differs from the other types mentioned in that
it is a bateh process rather than continuous. The pumping rate is a
Tunction of the gquantity of gas already taken up by the adsorbent.

This type of pump utilizes the gas sorption ability of a material
such as alkali metal aluminosilicates, which is greatly enhanced at
liquid nitrogen temperatures. The crystal structﬁre is such that when
the water of hydration is driven off, about one half of its volume be-

“éomes empty cavities which allow the material to adsorb gaseous products.

The ultimate pressure attainable with this type pump is a
function of the number of molecules adsorbed, which implies that in a
given system a low ultimate pressure will depend on the degree of pré-
pwiping. "

*The pump labeled HG-45 in Fig. 3.02.01(d) contains an ejector to raise
the fore-pressure tolerance of the entire unit. Unlike the air ejector,

its working fluid (mercury) is condensed, again changing the character-
istic somewhat.
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This type of pump is ideally for applications where the
operation of the pump must be self-sustaining.

With the pumping diagram as presented in Fig. 3.02.01, it is
now péssible to introduce desipgn changes in orifices, pumping ducts or
vacuum pumps and readily evaluate the significance of each change
prior to actual testing.

In the preceding example of a dynamically pumped system, the

vacuum pumps selected were, in part, readily available for the labora-

tory test set up. Each pump, as shown in Fig. 3.02.01, was used to fullest

advantage, i.e., the pumps were not unnecessarily oversize. ARoots type
pump could have replaced the mercury ejector but would not have been
used to best advantage, since this pump is designed to maintain a high
ultimate vacuum.

Proper pump selection may also depend on factors other than

bressure and throughput. Limited size, weight, power and cooling capacity

may all affect pump selection. System contamination tolerance due to
diffusion pump back-streaming may preclude the use of mercury pumps or
certain type oils and oil pumps. Start up and shut down Pprocedures and
times for some pumps could affect the overall operation sequence of s
given system., All of these factors make bump selection a'major and

important effort in designing a dynamically pumped vacuum system.
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3.04. Pumped Gun Application

Introduction: .
The first approach to the use of a dynamically pumped gun for
project experiments was by the purchase of a unit from W. C. Heraeus,
Hanau, Germany. This filamentary cathode gun was designed for 150 kv
maximum accelerating voltage and was provided with a three-stage
vacuun system. The anode half of the accelerating gap cogld be moved
laterally to trim up the beam allgument, and a magnetic lens, also move
able, was used to focus the beam on the last orifice. Before the modi-~
fication work was begun, the unit was checked out in the as-delivered
condition. The currents obtained fell somewhat short of the manu-
facturer's indications, and some experimentation was required to dis-
cover the set of mechanical settings, lens current, bias and accelersting
voltage which gave an adequate current, well focused for good transmission

through the orifices.

Modifications:
Many details had to be modified to suit this gun to the system

showvn in Fig. 3.04.01. An extra vacuum stage was added, together with

a shutter valve on the original outer orifice. This reduced the pump-

ing requirements and made it possible to vacuum seal the gun for extended

‘ Periods, thus imprbving the high voltage performance in operstion. An

insulating oil tank of lighter welght and smaller dimensions replaced
the one supplied by Heraeus to shield the leads from the cable connector
to the cathode feedthrough terminals. Enclosed in this oil tank were
a filament isolation transformer and resistor to provide cathode bias
for stabilization of the beam current. Because the power supplies were
fitted with Seifert cable connectors from the window tube program, the
same connector was used in the gun as well.

The gun was to be installed vertically, instead of horizontally
as designed, so all the vacuum ducts had to be changed and adapted to

the unconventionsl sources of fore=-vacuum available in the installation.
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The changed attitude of the gun also made necessary a better vacuum
seal at the magnetic lens, which previously had hung from its adjust-
ing screws through the chamber wall without a positive seal.

The Heraeus gun in its original form, Fig. 3.04.02, required
a large mechanical vacuum pump for each of its three stages. This
pumping scheme was out of the question in the intended application, so
a new set of smaller light weight pumps was incorporated in an optimum
four-stage design. The original first stage was modified slightly and’
combined with a new first stage to form the front end and main support
assembly.

A sli@ing shutter type alr-operated valve was added to the N2
nozzle and a Bellofram piston air-operated valve was added in the P2.
duct for vacuum control. The cholce of air actuation was made after
calculations showed how much welght and cooling would be involved with
direct solenoid actuation.

Hand valves were installed in the alr control system to permit
operation of the unit for check out and test purposes.

A new recirculating flash evaporative type cooling system was
added to the Heraeus to cool the gun nozzles and diffusion pumps.

The redesigned pumping complement had to be much lighter and
smaller than thi original mechanical pumps and yet maintain a P4
pressure of 10  torr or less in the electron generating and accelera=

ting chamber. The discharge pressure requirements, on the other hand,

were reduced considerably because the unit was to operate into a pressure

of 30 rather than T60 torr.

Numerous pumping schemes and combinations were considered before
the following combination of four pumping stages were decided upon:

The first stage consisted of a wedge-shaped ramp mounted on the
upper hatch of the Q-bay. The ramp performed well enough to be con-
sidered a pump capable of a 3:1 pressure reduction below ambient at
operating conditions. This ramp pump then was capable of maintaining s
pressure of 10 torr in the first stage chamber and also of providing

the fore-vacuum for the second stage punp.
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An ailr ejector designed and developed by Schubtte and Koerting
Company was used as a second stage vacuum pump. At altitude, air
bressure at a minimum of 20 psia was wvailable as a working fluid and
proved a satisfactory motive air supply to operate the ejector. The
ramp, or dump as it was otherwise called, was able as a fore pump for
the ejector to maintain 10 torr in Pl and also to handle the discharge
from the ejector. The suction side of the ejector, P2, could be main-
tained at approximately 0.5 torr.

The first version of the operational system incorporated a
mercury diffusion pump in the third bumping stage. The lowest fore-
pressure attainable for this stage was 500 microns of Hg, much too
high for oil diffusion bumps. The fore-pressure tolerance for mercury
bumps is of the order of 2 mm of Hg, well above that maintsined by the
ejector of the preceding stage. Unfortunately, the backstreaming of
mercury into and through the orifice of the gun caused endless maine-
tenance problems.

A sorption pump was substituted for the mércury Punp to eliminate
the mercury problem. Although this bump operates on a batch prdcess
and has a limited useful life between regenerations, it proved more than
adequate for the intended service. A considerable improvement in operaw
ting procedure was realized also. The high vacuum P3 and Pu chanber
could be pre-pumped prior to actual operation, greatly reducing the
incidence of érc-over.

The main gun P4 chamber was pumped on by an oil diffusion pump
and adequately backed at 10-2 torr by either the Mercury pump or sorp-
tion pump on the Preceding stage. To minimize oil backstreaming to the ,
cathode assembly or insulator, a water cooled baffle was used at the
bump inlet. This reduced the chance for electrical src-over. The '
ultimate vacuum maintained in the P4 chamber with this pump and baffle
combination was 3 x 10-5 torr.

A deslgn diagram for the dynamic pumping system describéd for
the Heraeus unit is shown in Fig. 3.04.03. The Pressures shown are for
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either pump on the fourth stage. Pressures shown for the sorptlon punp
represent those attained after a typical regeneration and prepunping

cycle.

Installation:
The Heraeus system was mounted in the aft end of the equipment

bay as shown in Fig. 3.04.04. The front or lower end of the gun was
mounted on the lower door and supported the tdtal weight. TFore and aft
loads were transmitted to the aft wall of the equipment bay through'a
yoke attached to the main body of the gun.

The ramp was mounted on the top door of the bay and éealed to
prevent leakage. A flexible 2—1/2 inch line with enough slack was secured
to the inner ramp tube with the top door partially open. ‘The short excess
dump line was then free to take a gradual bend when the door closed.

The first cooling system was completely open to the dump. The
installation had all the water cooled components in series from the
pump outlet at the high voltage tank to the inlet at the diffusion pump.
Though basically a simple system, one outstanding drawback was that the
low dump pressure created cavitation in the pump.

To remove this cavitation problem, a closed circulating cooling
loop was substituted. The closed loop reservoir formed g constant tem-
perature heat exchanger durlng operation, with the reservoir acting as
a boiler at dump pressure. Boiler temperature in Operation was estimated

Cat 30-40°C, depending on altitude. An expansion chamber was included for
the dual purpose of filling the closed loop and allowing for thermal
expansion of the closed system. During system check-outs cooling water
was run in and out of the reservoir to avoid any build up ofhtemperatures

during operation at atmospheric pressure.
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Q~Installation, Heraeus Gun

Fig. 3.04.0k
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CHAPTER 4
C-GUN AND BOLT CATHODE

4.01. Introduction

The intention to mount guns in the chines entailed radical
changes in design from that of the modified Herseus gun. Weight and
space became prime concerns, and it was clear that all components
must withstand the vibration, temperature and Pressure condit}ons of
the new environment with minimum assistance.

One of the most effective steps in meeting these needs was the

integration of the gun and power supply cases, eliminating high voltage
cables and connectors and Providing a measure of cooling for the gun
not otherwise available. This approach did impose space limitations on
the power supply, however, and these could be met only by components
for normal temperature renges, so that thermal insulation and cooling
bad to be provided for the supply.

Considerably greater currents were desired from the C-guns than
the Heraeus filament could provide, so another cathode with greater
capﬁbilities was sought. Development of the bolt cathode sub=system
bermitted currents in excess of 100 milliamperes to be supplied with
reaéonable tolerance fo the ion bombardment that is inescapable in g
dynamically pumped gun.

Operation of the Herseus gunt had heightened appreciation of
the stamina that must be built into a system to be installed in such an
insccessible location as the chine bays. At the same time, constraints
On space, weight, interference with existing structure, angd development
time forced a number of compromises. None of the Particular forms in
which the equipment is reported here represents an evolutionary dead-
end; all the developments lead toward what would be considered an ideal

form for an operational system.
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4,02, The Bolt Cathode

Introduction:

The large emission currents required, with.exposure to a
stream of ions during operation, recommended the sturdy bolt cathode
introduced by E,. Bas.(l) This cathode i1s comprised of a rod of tungsten,
surrounded near its emitting by a helical filament, from which an elec-
tron current can be drawn to heat the rod by bombardment. By a suitable
choice of dimensions and materials, a rugged, long-lived cathode struc-
ture is obtained, Fig. 4.02.01l. It is suitable for operation at moderate
vacuum (less than 10'” T), even in the presence of several milliamperes
of positive ion bombardment and when frequently exposed to atmospheric'
air between operations. Some sdded complexity results ffom the need for
bombardment powe}, rather than filament power, but the advantages gained
by using this type of cathode far outweigh any such disadvantages.

Before accepting the extra complexity of the cathode heating
supply, a check was made in the Heraeus gun with a filamentary cathode
having several turns at the emitting knuckle instead of the 3/2 turns
in the regular Heraeus filaments. When space-charge limited, the cathode
supplied only about 45 ma at 150 kv. Greater extension of the filament,
s0 that the beam was hopelessly unfocused, raised the emission current
only to 50 ma. (These figures are extrapolated from'performance'at lower
voltages and currents, since the Seifert power supply used was limited
to 30 ma output current.)

In the cathode development program, the first step was to
produce some cathodes suitable for use directly in a Heraeus gun, which

was then being used as a test facility. Initial troubles with the

- awxiliary supply, mechanical stability of the grid ring support and

failure of the filament contact springs in the Heraeus stem had to be
" cleened up first. By the time a working state had been achieved, a
modified cathode stem for the Heraeus gun was ready, permitting use bf

the 'final' form cathodes in the Herseus gun. With the same form of

1. E. B. Bas, 2. angew. Phys. 6, Lok (1954).
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grid structure preferred by Bas, the long focus required to traverse

the series of orifices without excessive divergence of the beam envelope
could not be obtained. An suxiliary grid was added, but this cut both
the perveance and the high voltage capability of the structure. A
Wehnelt cylinder, equivalent to the Heraeus electron optics, provided
better perveance, more stable mechanical structure and almost 20 kv
greater flashover.

A fully adjustable cathode structure of this type was made to
accommodate the range of dimensions which might be desired and that de-
sign was employed throughout the remainder of the project. A Eimplified.
form, with spinnings substituted for the solid metal shapes, and fixed
dimensions eliminating the troublesome threaded adjustable parts, has

been built and would be recommended for any future operating.

General Design Considerations:

It was decided to adopt the Bas-type bolt cathode because of
the relative simplicity of 1ts structure shown in Fig. 4.02.01. However,
certain modifications were necessary. A table of tungsten filament
characteristics, Table 4.02,01, shows that a current density of about
5.1 amperes per square centimeter can be obtained from a tungsten cathode
at a temperature of 2700o Kelvin or 2&270 Centigrade. At this tempera-

ture the evaporation rate 1s not excessive, and the bolt diameter would
have to be about .060". To minimize conduction losses it was decided
to meintain the bolt face sbout one inch above its closest support.

The coil design presented some minor problems. Bas described
a figure of merit for a coil(e) as the ratio of the coil inside dismeter
to the coil wire diameter and recommended valués of 6:1 to 8:1. In our
design it was decided to maintain about the same spacing between the
bolt and the heater coil that Bas had used. That is about .016". Thus
our coil I.D. became .092". To obtain a good figure of merit, the heater

wire should have been 12 mil diemeter, but this would have required

2. E. B. Bas, Ze angews, PhySO _7_, 337 (1955)-
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Table 4.02.0L1: Specific Characteristics of Ideal Tungsten Filaments - ;
{For a wire 1 ecm in length and 1 cm in diameter) :

;

R ¥ 108, P’ X 109, ) M R'T !

, ¥ , 4 '] M, == :

rox | Vu ':—d x 108 | 30 -V—-——-\‘/; % 108, o / ':; B

N ; g/ x cm¥/sec, AL '

watis/cm ohri-cm lmp/cmy‘ volts/em b4 amp/cm? evaporation iy .

—
273 6.37 0.911
293 0.0 6.99 0 0 1.0

o |, 0.000100 7.20 3.727 0.02483 1.03

400 0.00624 10.26 24.67 0.2530 1.467 i

500 0.0305 13,45 47.62 0.6404 1.924 !
400 0.0954 16.85 75.25 1.268 2.41
700 0.240 20.49 108.2 2,218 4.93
800 0.530 24,19 148 3.581 3.46

900 1.041 27.94 123.1 " 5.393 ) 4.0

1,000 1.891 31.74 244.1 7.749 * 3,36 X 1018 [ 1,16 X 1079 4.54
1,100 3.223 35.58 301 10.71 4.77 % 1071 | 6.81 X 1071 5.08
! 1,200 5.210 39.46 363.4 14,34 3.06 X 10-n | 1.01 X 10°% 5.65
| 1,300 8.060 43.40 430.9 18.70 1.01 % 10°° 4.22 ¥ 10-2 6.22
1 1,400 12.01 | 47.37 503.5 23.85 2.08 % 108 7.88 X 1071 6.78
! * 1,500 17.33 51,40 580.6 29.85 2.87 % 1077 7.42 X 1070 7.36
1,600 24.32 55.46 662.2 36.73 2.91 X 107 3.92 X 10 7.93
1,700 33.28 50.58 747.3 44,52 2,22 X 10°% 1,31 X 1071 8.52
i 1,800 44,54 63.74 836 53.28 1.40 ¥ 104 2,97 X 107 9.12

1,900 58.45 67,94 927.4 63.02 7.15 X 104 4.62 X 10714 9.72 i
; 2,000 75.37 72.1? 1,022 73.75 3.15X 1073 5.51 % 10~19 10,33
2,100 95.69 76.49 1,119 85.57 1.23 X 1071 4,95 X 1071t 10,93
i 2,200 119.8 80.83 1,217 98,40 4,17 X 1072 3,92 X 10~1 11.57
; 2,300 148.2 85.22 1,319 112.4 1,28 X 107 2.45 X 10710 12.19
i 2,400 1H1.2 89.6% 1,422 127.5 0.364 1.37 X 107? 12.83
2,500 219.3 94,13 1,526 143.6 0.938 6.36 % 107° 13.47
; 2,600 263 98.66 1,632 el 2.25 2.76 X 1073 14,12
i 2,700 2.7 103.22 1,741 179.7 5.12 9.95 X 108 14,76
: 2,800 368.9 107 .85 1,849 199.5 11.11 3.51 X 1077 15,43

2,900 432.4 112,51 1,961 220.6 22.95 1.08 X 107¢ 16,10 )

3,000 503.5 117.21 2,072 243 44,40 3.04 X 107 16.77 )

3,100 583 121.95 | 2,187 266.7 83 §.35 X 10°¢ 17.46 !

3,200 671.5 126.76 | 2,301 291.7 150.2 2.09 X 1073 18,15 i

3,300 769.7 131.60 | 2,418 318.3 265.2 5.02 % 107 18.83 i
3,400 878.3 136.49 | 2,537 346.2 446 1.12 X 107 19.53

3,500 998 141.42 | 2,657 375.7 732 2.38 X 1074 20,24

3,600 1,130 146,40 | 2,777 ¢ " 406.7 . 1,173 4.86 % 1074 20.95 ;

3,655 1,202 149,15 | 2,838 423.4 1,505 7.15 % 1074 21,34 '

. after Langmar. . R
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inconveniently high heater currents. For this reason .010"-diameter
heater wire, with a figure of merit of about 9, was used.

The inner heat shield, meanwhile, was designed to have an I.D.
of about twice the heater coil 0.D. The outer shield diameter was arbi-
trarily designed to be .100" larger than the inner. Both shieldé and
the top shield as well were made of tantalum, because of its high melt-
ing point, low vapor pfessure and ease of handling. The heat shield
support legs were made of tantalum for the same reasons.

The specific design evdlved from several considerations. COCne
factor was the realization that the base might get as hot as 3bO°C after
sustained operation. Under these circumstances, it was necessary to
use only the best of hard vacuum, high-temperature materials and tech-
nigues. For this reason it was decided to use 94% (or better) alumina
insulators. To obtain this type of insulator in relatively short time
it is necessary to use simple, cylindrical shapes. Thus the cathode was
designed around feed-thru-like structures. The metal parts were made
of Kovar to match the ceramic expansion and the ceramic-to-metal seals
were made by copper brazing. )

The assembly was designed to permit replacement of the bolt.
This was accomplished by means of a set screw in the bolt connection.
Furthefmore, it was considered essential thet the location of the bolt
should be accurately maintained relative to the circumference of the
base, This was hecessary to allow a bolt to be replaced without re-
quiring re-alignment of the device.

The heater coil and shields were spot welded in place using
Jigs which had been designed to align them with the bolt axis and to
locate them in their respective places in a strain-free condition. The
heater coils made.in the laboratory were severely stressed. To relieve
this condition, a procedure was developed whereby the entire assembly
(without the top shield) would be placed in an evacusted bell Jar.
Heater current would be applied, and the coil would move, relieving
the winding stresses. Subsequently, the heater coil wes re-aligned by
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bending the supports. After this operation the top shield was welded
in place. The use of commercial stress~-free colls eliminated this step.
After completing the gun assembly it was found wise to
operate the gun in a bell jar, drawing about 80 milliamperes from the
cathode, for about one hour. This procedure culled 6ut any defective

assemblies prior to insertion in the final assembly.

Assembly Procedure:
One of the best ways to appreciate the details of design and

performance of the bolt cathode is to follow the operations involved iﬁ
Preparing an assembly for use,
I. Reclaiming Used Assemblies
A. Cathode
| 1. Cut off old shields
| 2. Peel off tantalum wire welds on stem leads.

B. Grid Cup .
1. Polish outer surface of grid cup to remove oxide

and possible pitmarks from arcs.

-? II. Parts Preparation
A. GStem Assemblies
l. Liguid hone.
2. Vapor degrease.
3.- Delonized water rinse.

Lk, Methanol rinse.

B. Tantalum Shields and Tantalum Supports (1-1/2" long)
1. Use treatment per "Materials and Technology for
Electron Tubes" by Walter Kohl, page 220, or

equivalent,

C. Tungsten Coil
l., Use fired coil as is.

Approved For Release 2000/05/04 : CIA-RDP67800657R000300080001-9
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II¥Y. Assembly

- J
D,
E.
A,
= ) J
B.
T "

L,02 - 7

Grid Cup

1.
2.

3.

Vapor degrease.
Deionized water rinse.

Methanol.rinse.

After cleaning, all parts should be handled with gloves

or tweezers and stored in dust-free containers.

Inner Shield

L.
2.

Load the inner shield on the main welding Jjig.

Insert the bolt part of the main welding jig into the
stem assembly. ‘

Use the brass spacer 1o establish the location‘of

the inner shield and lock»the stem assembly set screw.
Preform and load three .025" diameter tantalum support
rods. The upper ends of these rods should be inserted
in the appropriate grooves in the main welding Jjig,
under the inner heat shield. '
Weld the lower end of each support rod to an alternate
insulated pin on the stem assembly. Use welding heat
4O watt-sec, pressure 4 1bs. and set up A.

Now weld the inner heat shield to the upper end of

the support rods. Use welding heat 29 watt-sec,

- pressure 4 lbs, and set up B, (Fig. 4.02.02)

Outer Shield

1.

2.

3.

b

Load the outer shield onto the auxiliary electrode.

Slide the auxiliary electrode onto the main electrode.

Preform end load the upper ends of the three .025"
diameter tentalum rods into appropriate holes in the
auxiliary electrode.

Weld the lower end of these support rods to alternate
stem leads as before. Use welding heat 40 watt-sec,

pressure 4 1lbs., set up A.
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5. Now weld the outer heat shield to the support rods.
Use welding heat 29 watt-sec, pressure 4 1bs.,
set up B.

Heater Coil _

1.  Load the heater coil on the mandrel of the heater
welding Jig.

2, Insert the Jjig into the inner hest shield and position
the heater leg to lie on top of the inmer heat shield
tab.

3. Weld the heater leg to the heat shield. Use welding
heat 19 watt-sec, pressure 3 lbs., set up C.

4, Weld the heater cdil to the outer heat shield. Use

" heat 19 watt-sec, pressure 3 lbs., set up D.

Preliminary Inspection

1. Insert bolt into stem.

2., Reject if maximum bolt-to-coil spacing is greater than
twice the minimum spacing.

3. Reject if there is any possibility of a coil turn to
turn short. _

L. Reject for any defective or questionable welds.

Top Heat Shield
1. TUse top heat shield welding Jjig. _
2..- Weld three tabs on the outer shield to the top shield.

Use heat 10 watt-sec, pressure 3 1lbs., set up D.

Final Evalustion
1. Inspect under microscope.

2. Review items listed in preliminary inspection.

IV. Preliminary Operation

c.

D.

E.

F.
= .

1l. Assemble cathode into grid cup.
2. ILocate bolt face with respect to grid cup.

3. Methanol rinse,
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L, Operate in bell jar for approx. 1/2 hour.
5. Fill out file card on assembly providing spacing data
and test information.

6. Pack assembly in clean dust-free contalner.

Performance:

To evaluste the cathodes, a setup was made in a bell jar with
an anode close enough to the bolt to get emission at lower voltages. The
anode for this test was initially made of copper and was set on a glass
ring over the cathode. Later setups used a tungsten anode sct in a
large copper heat sink. The anode-to-cathode spacing was established
by means of an adjustﬁent. For our tests the spacing was established by
means of a 0.020-inch shim. It was estimated that the bolt expanded
0.005 in. when heated, thus an approximately 0.015 in. cathode-to-anode
spacing was reported. Typical bolt cathode characteristics are shown
plotted in Fig. 4.02.03. The curve seems to deviate from the 3/2 power
characteristics at about 150 volts. The linear characteristic in the
temperature-limited region is similar to the "hollow cathode'" character-
istic. It probably represents the addition of current to the beam from
the sides of the bolt. |

A test was conducted to try to evaluate the amount of current
going to the anode which originated from the heater coil, instead of the
bolt. It was found that when the bombardment voltages were turned off,
the anode current dropped to less than a few tenths of a milliampere.
Thus at an operating condition of about 100 milliamperes plate current,
the extraneous current originating from the heater coil would be less
than 0.5%.

Fig. 4.02.04 is a round-robin chart of bolt-cathode charac-
teristics. Chart 1 shows values of constant bolt current as a function
of heater power and bombardment power with a spacing of approximately
.015" and an ancde voltage of 500 volts. From the curve it can be seen
that there i1s a minimum heater power below which no bolt current can be
obtained. This is because the coil gets so cool that no bombarding

currents can be obtained. On the other hand, as the heater power is
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Bolt Cathode Characteristics

" Anode-Cathode Spacing: .015"

Bombardment Voltage: 122 volts
Bombardment Current: 310 M.A.
Bonbardment Power: 37.8 watts

Heater Power: U6.2 watts
Heater Current: 6.0 amperes

Anode Potential

350 ' bo ' 5(')0 volts

Figure 4.02.05
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increased, the 1ncfease in bolt current gets less. This is because the
efficiency of the radiant heating from the coil falls off as the bolt -
gets hotter. This clearly shows the advantage of bombardment heating.
Chart 2 is a plot relating coil current to heater coil power.

Theré may be as much as 5% error here, because this curve can also be

a function of bolt temperature, When the bombarding power makes the
bolﬁ hotter than the heating coil, the bolt radiates heat to the heater.
 Under these conditions, the heater temperature increases and the coil
resistance increases. As the power is equal to 12R (square of the current
multiplied by the resistance) the increase of coil resistance means &an
increase in heater power for a given coil current. This phenomenon will
cause a shift in the slope of the curve, For illustrative purposes the
curve shown 1is sufficiently accurate.

. Chart 3're1ates heater coil current to bombardment at several
bombardment voltages. This plot is actually a portion of the standard
graph of diode emission versus cathode temperature.‘ This is the case as
the bolt is actually the anode in the bombardment circuit. As the coil
current increases, the temperature increases and the emission current

at a given anode voltage goes up. However, at some value of current,
the dicde system should become space charge limited., At this point any
increase in cathode tempersture would have very little effect on 'anode
current. Obviously, under the conditions plotted, the bombardment current
was always temperature limited.

i Chart ¥ shows the linear relationship between bombardment

currént and power as & function of bombardment voltage.

Vibration Testing of Bolt Cathode:

One of the design objectives was a cathode which could withstand
the vibratlon it might experience, and the units appeared rugged enough,
except for the unavoidable brittleness of the filament after recrystal-
lization in operation. To test the vibration resistance, a shaker was
set up in & bell jar to excite a bolt at operating temperature. Vibra-

tion instruments for the temperature and pressure conditions were not
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immediately available, so the following method of measuring displacement

was adopted. Pailrs of lines were scribed on the rod connecting the
cathode to the shaker. FEach palr spanned some measured axial distances,
e.g., 0.010", Since the excitation was sinusoidal, an observer saw an
image at each end of the displacement. Therefore, at a displacement
equal to the separation of a pair of lines, that pair appeared to be
three lines.

Vibration exposure corresponding to the "Design Vibration
Envelope", Fig. 4.02.05, produced no ill effects in the bolt cgthodes.
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4.03. Electron Optics

Summaxrys

The simple grid cup used by Bas'l) was adopted along with his
cathode structure, but it proved to make too short a focus. The Ffield
in a flat cone, concave toward the anode, converges a beam emitted at
the apex too quickly.

Next, an auxiliary cup recommended by Bas(l) for longér focus
was added with good results, but the exact physical form was not too
well suited to 150 kv operation, having been developed in work at much
lover energy.

At this point in the development, it became evident that the

new gun being designed for chine installation would be much simpler and -

more reliable if the anode elements could be tilted, rather than trans-
lated, for fine correction of the beam direction. A flat plate anode
was far better in such & scheme than a toroidal shape, and it had the
further beneficial effect of cutting in half the power of the electro-
static lens formed by the accelerating gap.

With a set of approximately correct dimensions established,
& focusing assembly was desired which could be varied enough to verify
the:optimum'settings at full voltage. This developed into Fig. k,03.01,
which was used throughout the experimental program. Interchangeéble
grid diaphragms were heldvbetween rings threaded inside the shell, and
thelfocusing cup was internally threaded to go over the shell. The
cathode assembly, Fig. 4.02.01, was held in the shell with two screvs.

Laboratory Tests:.

A preliminary laboratory appsratus to measure beam geometry
and to understand control of this beam by varying cathode and anode
dimensions was set up. It consisted of the following three units:

(1) seifert High Voltage Supply (control unit and transformer).
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Adjustable Grid Assembly
Fig. 4.03.01

Approved For Release 2000/05/04 : CIA-RDP67B00657R000300080001-9



~ Approved For Release 2000/05/04 ; CIA-RDP67B00657R000300080001-9

)4-.03 -. 3

| (2) An suxiliary power supply for producing filament heating,
bombardment power and grid bias voltage.

" (3) An Heraeus electron beam gun adapted to receive experimental
cathodes.

The beam transfer section of the gun was replaced by'a 4-inch-
diameter glass pipe 2 feet long, terminated by a water-cooled copper cap
attached to a graphite disc that acted as the high-energy electron
collector. An independent vecuum pump on this volume removed it as a
leakage source into the gun cathode chamber.

The envelope of the beam wes studied by two methods. One
method utilized the visible light produced by molecules of'gas excited
by collision with electrons in the beem, The beam was observed and
photographically- recorded by means of a periscope through the lead
shielding to give meximum radiation protection to the operator. No
attempt was made to relate the light intensity in the beam as a function
of the beam cross section, since the major concern at the time was to
locate the cross-over point of the beam and study its movements as a
function of cathode dimensions.

; The other method employed for beam geometry analysis involved

the?insertion of thin metal discs at various locations beyond the anode.

The beam rapidly penetrated these discs and melted holes whose dimensions

were simply taken as the extreme envelope of the electron beam. This
system was the final one employed to determine cathode dimensions to be
used in the C-gun, because the discs could be inserted at points along
the beam axis inaccessible to visual observation.

Various disc thicknesses of different metals were inserted in
the beam path to determine the optimum material and thickness that would
most accurately define the beam envelope. Aluminum metal of less than
one mil thickness proved to be unwieldy in that the electron beam did
not cut a circular hole but rather an undefined aperture with an irreg-
ular, ragged appearance. When the metal thickness was increased to
beyond 5 mils, excessive out-gassing occurred as the beam melted the

metal and high-voltage operation became unsteble. Instead of a thin
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edge around the perimeter of the electron beam hole there was a cir-
cular aperture built up in the manner of a doughnut. It was felt that
the beam diameter reported would be more credible if the perimeter of
the melted area were minimized in thickness. After experimentation
with various thicknesses of stainless steel and aluminum discs it was
found that .005 in. aluminum or .0035 in. stainless steel discé produced
the best defined holes.

Most of the tests on this system were run at 100 kv,.because
too much time would have been required to season the gun to a higher
voltage. The mean on time was 30 secs to 60 secs, depending on how
stable the target current had become (it was assumed that when target
current became stable, the discs were melted out to their limits for
the beam).

Data from these discs test are briefly summarized below (see
faésimile of data book page KL6TU352 in Fig. 4,03.02) with the focus
cup depth, S varied (all other variables fixed):

888
Run
#12 Sggg = 15/32", crossover point 10" from anode
#13 S 13/16", crossover point 1-1/4" from anode
FLh Sggg = 5/8", crossover point between 2" and 2-3/4"

from anode

: These tests were taken at 100 kv, 10 ma, and zero bias. The
di$cs used were_3-l/2 mil stainless steel and the ambient pressure sur-
ro&nding the diécs was in the order of one mieron. The grid-to-anode ‘
spacing was varied from 1-1/32" to 1-5/16"; however, that change seemed
to produce only small changes 1n the beam geometry compared to the change
in focus cup depth.

This appears to be the casge as long as the anode plate 1s flat,
with a relatively small aperture compared to the extension grid aperture.

The effects of hias were checked on this particular cathode
geometry. (See data book page K16T4348 in Fig. 4.03.03).
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st AR (o5

1
i it i

e

| | .03 -
Approved For Release 2000/05/04 : CIA-RDP67B00657R000300080001-6 ?

THE BFACE ABOVE THIS LINE I8 FOR FILING AND MUSBT NOT BE WRITTEN ON 1674352
<
= = 5o s ormg — K

et

b o Al ;_’;,

SUBJECT - -

L= Ten ERIAL
CUSTOMER ——*"‘/’\G’ﬂ” ¢ 3‘
5. 0. OR // D. OR L. SHAFT Sglb' -]t RAME
TEST NO. SPEC. NO NO

TO DETERMINE L% Bu De. ‘Q.WQA’} (’m&u Tj{ .Quwhualhoﬁ"w‘&w t“’«"cﬂ BQ.’T"} Sgél:r—- +’1M“a"(

!'r\}f

(

f2/ =
B-b;‘;o K\/ ‘1{.‘} I'C VB IQ \/F:‘ (Prdﬂ, Tl;"'ffl SHV Sm::} Dises —
o LLm«; T
6 /oo IG\««L.'?,\'T’ Yo | 290 | #.0| — 2w 1% | 50 g

Oosnn £

A 199 o jyu't«'ﬁkr-ﬂ o-h Rtdlse ﬂ'&»' faf' '[w‘l,

HELE &

1

T ;", 7) R £z
| n Todiacd dumr Bt Loy 1K )7 !

Y] %,wﬁ Cx

7 e Sup=

e Setae 15
i 0'7""‘"1‘ /(1(1/(}-1 7 (?‘7 ﬂ::: : 1

Ty :
N R ML

E ~ o B - . : B ~a ’“ l

' : - i A T R Dke,' 2

.: - q//f/ ‘:;_ .a/L!" 3 34/“ L/';‘t/“ 5 _;2/" é !/:/” ,_J 3 5

; L 7 2 {Dahe ol G [

| \ ,2[,’)._2 fr“»n,ﬁ:)\ ) 'j{;gi.,,md { QME) D) b () //

i Feedl o

': M ,.’__ Ryt

— e ] e o R e E—s mmm—— e e

; ay | KV I‘,, J—-.ﬂ't ‘/gg i B Vf:: Press | Thaaa SHV Sﬁg} Diﬁf"{ }E;L‘M‘

; - ' - - o~ J e s s Iy | 3, 1 [ pnik ) g

; o oo | 1o |2 lise | 270 | 8- P77 IHrme '%z Mo |25 b \r\‘“‘“’/

[iue, "‘ij fu/\'ﬂé}‘é. o Rund 43 —> ek m?ﬁm £ éf&é‘us 2 Stalynd Q}M‘,M;f»»« r»—-m»'tff;-f:«:, ch/z ag| B, ¥ |1l =5 |

) e o bl By adfild e ) Baplon xod wianl) Vierd, Tai-;a tannd CHfase Fhals Ube y-Frl fﬁ p

i T - b T e JLE s _ ] - . Vyc{‘:ﬂm “

' L . r,- \\_ _ - o _ . /f &~

i R T b A ] RS ]

oS I R A A - (‘, S ik Lt gamer

i '<(-L“ .3 Y] ;ﬂ TLp i YL 3,0 : 7’ o LT % 3

: [ 4 ty iy { 1y 2 % 33,;/‘ L/ // S\ é.r;!u

' L4 113 b= 2 £

AT RSRY B . TR A , "

[T S NS - > e WL B D SRS P IR (TIEr NN I ——— o A 430 A o § e g

: —5"“'— \\ i

! : 3 ~ 7 . . T e

: Do |V | Lo | I | Vo | To | Ve | fuey. | Teine SH\/ Sqqq D13es Q“‘l Ko ) |

o - ’ NIRRT AV el

Vel o 1l0dljo | g \ifo |200 |Fe | = |zweSz |25 B2l Yy dbicks)

I’-'bwa Jote i In Kurlas 2, Freat 35715 Bestond disch Twerd Collectly s oo T T Rum 4413, Feni\7 ISy Lp

l 7 . . . :

f < pol_ 15\ fopreX /é/ Frapw Arade PO FH3 TesT 15 mpde| wirt |Tite Gl Lxtensson 847 (Jo

{ n, PR N 1]

| A SPT %z iy |Botarcda TS |pds asdd i s 12 o0 13, |AAlL|= %g A _ \

! ' - L ._ N ! R 0= |

I e e D N B S T

- <_—; i g;”” S H o DU - ; ‘ej {5 L= Tt |
X, P ‘,1 / \. h | \\‘ ) v/’ \ @ t :

" Appfoved F% Releéée 2oo¢1{o§/o,ﬁ1 ‘%Ré‘g‘p@od@wmoﬁ%ooso}éﬁ

¥

o

03 oz

—ce

}



(

SCLzsomE 2jp NoT2 2 a0 _Lu 18 alf recorded Dis
Ap we@queleaSemOOId?ld%f”C’m Rbﬁsﬁs’dosﬁhﬁb@?féﬁosoom $7 " -
_(ij THE SPACE ABOVE THIS LINE {8 FOR FILING AND MUST NOT BE WRITTEN ON
K 1674348

C'«'// W t W
cvoreay | 1o S el of M o ool 5= 2L 55 (7) L
, BERlAL C‘”

-6

= Vg = =780 VoliG = .
c s‘ron/a%ao kv (E 5o “J _EP Hwo 07 ¢ “ DXC’( =
. 0. Ly ' L
TEST O\« % SHAFT e
TO DETERMINE - - i o

Sy

—~ | # i sy . ===
=17 | SA% Jebnvl=s | EE TN R
W 2y W W 8 PO YOV M O LW
:/2'; -~ 7;“.,';3, ﬂ M[i‘) xi«b?h‘ {/,,., L N L

bt antalie , 1S 2|0 1 100 29 Jauadl
g -

&2 oo’
(e v i m,i.pz« A—Qm W(;KQZC“{, 4: -7 i

E —— e et

-~ "'r-»vcr-.-u{,.)- PP o oiins | e e e cepeais | e s e § .,h,.v"u; e - : ‘ rj’”'”:ﬂ—m:«.”” 5
me | (5 w0 Dise] Ly
f e Q Z‘ I‘):I.( A :
Taky ZI 3)Saco L~
A - 117

fa A

PR i

-

TR P 5P m'-‘n,-vu::';','"»!wx RSN G 4 ‘...\i"V.'&ua:‘ui: ‘, 3 ;. “J
: uw}. lo=i280 s, Moo= st

t
sedh  Mendfoel) s, 2Nl ’“
{ el [ S Sp92 1

3¢

v
N
3

\i@z:z%_«; /

R Te g oo o - - L PR

1

0

) “R’t

, T Toclowe ) Vod oV Lom P¥Omd Bl = Grig | T T
r P -~ {73 TS i 17 &= 5
'[,w\,,« = 1 Sialea S, <} %l _S;,_‘,\q = ‘7:;;) \ ‘1“)’
gﬁ—a Iqw& - |9k = W] - .

=
!
]

AN

(:
\
(

w— .
i ™ - . ' T g i

:’* | K e .{O '\"‘ ‘ ‘.
. '.‘l)ll 4,, . \‘_: *g /f,’" - :“ """/’ o | . il
sz 1| S2.7 by
NELN 125 fond

s smmamamis |

J
AREEETAN . L SF N

Fig. k. 03 03

A]&ﬁ?%ved‘#’or“ﬁ‘e?é“%ﬁ‘bﬁom/o@ : &ﬁﬁb’#ﬁmffs‘ﬂ ¥Rootjatddedse1-o



}

i
i

i
|
;%ii'o

(

Approved For Release 2000/05/04 : CIA-RDP67B00657R000300080001-9

k.03 ~ 7

Grid bias was varied from -~180 volts to zero volts in U4 steps
and 5 mil aluminum discs were used at anode distances of 2-3/4" and 6-3/4".
As the biés was decreased the beam aperture in the disc location of
2-3/4" became smaller. It was the smallest at zero bias and the beam
crossover apparently was closer to this point at xero bias than any other.
This data combined with beam visual data indicates that the crossover
point approaches the cathode as the bias 1s increased.

By the use of such methods as these, the design converged to
a cathode configuration which could be used in the new C-gun with

reasonable transmission through the orifices.

C-Gun Laboratory Experiments:
Some means of monitoring the performance of the beam was

needed in the compact C-gun, whose beam transfer section could have discs
inserted for burnout measurements only with great difficulty. Viewing

ports in the pumping ducts were finally adopted as superior to electrically

insulated probes around the apertures or temperature instrumentation oh
the apertures, since the perts changed the performsnce of the gun in no
vay. The viewing ports were installed in the ducts.of two chambers and
gave a view of the beam as well as of the apertures, which quickly became
incandescent when struck by a beam. This warning was the most direct
warning to reduce power and trim up the beam direction. Another periscopic

arrangement of mirrors was used to permit the observer to see around his

x-ray shielding with a telescope for a very satisfactory view. The beam

transfer section connected to a 6" dia., 12" long Pyrex cylinder. This
chamber was observed through a shield of lead glass in the form of a
rectangular brick 9" x 5" and 3" thick. With this system, the beam could
easily be observed at any pressure desired, from microns to 40 torr.
Beam cross section as a function of molecular species and pressure of the
amb;ent gas could also be observed and measured through this window.

; Tests in the Heraeus gun usually involved no more than 2 or 3
minhtes funning at any time. From these series of tests were determined
the%optimum dimensions of the electron optics to be used in the C-gun.

| Apprbved For Release 2000/05/04 : CIA-RDP67B00657R000300080001-9
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However, when longer running times were required in the C-gun a time
dependent decrease in the emission current was experienced.

This decline of beam current with time was checked for
repeatibility. As the cathode came up to terminal temperatures the
current was noted and its rate of decline recorded. After terminal
temperatures were reached (about 40 minutes after cathode turned on
to space charge limit operation), the cathode was then shut off and
left over night to cool. When the cathode was again turned on, beam
current versus time was noted, and the plot repeated itself.  This
would indicate that the drift was due to témperature changes in the
“cathode and not due to any permanent change such as distortion, bom=
bardment filament poisoning, or bolt emission face poisoning. An
examination of the cathode individual components that might change
enough in dimension with temperature to cause an appreciable change
in the electron optics was then undertaken.

The first and most obvious component was the tungsten emitting
bolt itself. It was fastened in the cathode by set screws 1-1/2" from
-its emitting face, where the approximate temperature was 2450°C. A
tenperature éx the clamp of 500°C or less was assumed until terminal
tenperatures in the cathode were reached. Knowing the coefficient of
thermal expansion of tungsten and using an average value for these two
temperatures over. a 1-1/2" length, the axial expansion of the bolt was
calculated to be .008". Of course, most of this expansion would occur
as soon as emission temperatures were reached at the emission face.
Therefore, the change in length of this bolt over a period of 1/2 hour
would be fairly insignificant. .In any case, the change in dimension
would be in the wrong direction to account for s decrease in beam current.
» The second component consldered was the focusing cup. If it
were to increase in length, thereby causing an increase in Sggg’ the

perveance. of the system would decrease. Since the temperature of this
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extension grid was unknown, the decision was made to construct one’
out of Invar instead of stainless steel. The coefficient of expansion
. of Invar is considerably less than that of stainless steel, and it vas
hoped that a test would show an appreciable change in the rate of decline
of beam current.with time. The tests showed no noticable difference in
the current drift with cups of the two metals.

; A third consideration was the body of the cathode itself.
This, too, was stalnless steel, so one structure was made of Invar and
tested. Again, no change in drift was noted. Further investigations
involved grinding down the main support stem of the bolt, clamping the
bolt closer to the filament area, and removing the grid from the cathode.
All of these efforts proved futile in controlling the drift. Since there
waé a schedule to be met, zero bias was relinquished, and the current
cohtrol used in the Heraeus gun was adopted. Cathode bias resistors
wefe added in the auxiliary power supply.

i At this time in the program the requirement was advanced to
12 kllowatts of power or 80 ma at 150 kv, per gun. The first step was
to run the cathode fully space charge limited and note the maximum current

 obtainable from this particular cathode geometry at 150 kv. As previously .

mentioned, the beam current, IP, was 64 ma for the first few minutes of
cathode operation and then began to deteriorate at an initial rate of
approximately 1 ma/min. It eventually stabilized in around 40 min at
an Ip of 40 ma. From this data, it was obvious that higher emission
currents and a drastic improvement in stabllity were needed.

There are three basic adjustable dimensions (specified by
large letter S in Fig. 4.03.04) that can be varied in the cathode to
Produce a change in perveance; Shv’ 3 sy and Sgb' Experience has shown
that high voltage arcing becomes a major problem if Shv is adjusted to
less than 1-1/8" so this dimension waes fixed at 1-1/4". ‘Variations in
Sgﬁ had also been tried but it was noted that transmission efficiency‘
decreased if the bolt were adjusted any closer to the anode than its
présent setting. The remaining parameter Sg was then selected as the

88
one with which to experiment.

“ .
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3

T 0L .

Pa
Shy
s Dgga
1/8" Radius
. A
| FExtension
Grid
Sg ri
D
NQ\F gu
B X
£ S
Heat Shield—" =" Grid
or Lid DRolt
MA KW sz qu Dga Sggg Dgga SHV Dpa Dot R-BIAS

50 7.5 .014" .001" .250" .578" 1.180" 1.594" .312" 062" 9K
70 10.5 .014" .001'" .250" .578" 1.180" 1.156" .312" 062" 7K
93 14.0 .014" .001" .250" .398"  .961" 1.250" .312" .062" 5.2K

Note: Min. Shv 1 5/32"
Anode 0. 2" per rev.

E-gun bolt nomenclature and settings

Fig. —4. 03.04
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é It was apparent that sggg dimension alone could not be changed
wifhout causing loss of transmisslon, since tests on the Heraeus gun had
revealed the dependency of the beam crossover location on the spacing

of S .
888
equipotential lines surrounding the emission face of the bolt. As a

This crossover point then was a function of the shape of the

. Tirst approximation, the Sggg and Dgg combinations that exhibited 100%
transmission were compared and found to fall on a rough parabola that
intersected the emission face of the bolt(called the origin) at one‘point
and the perimeter of the extension grid at the other point. The equation
of this parabola with dimensions in inches was y = 1.TL x 2. Two more
extension grids that would fall along this same parabolic envelope
were then constructed but with the added advantage that the total distance
from anode to emission face would be reduced. That is, Shv was kept
fixed, Dgg was reduced, thereby causing a reduction in Sggg in order for
the perimeter of the extension grid to intersect this envelope.l The
results were quite rewarding in that 100% transmission was maintained
and higher emission currents produced.

_ The intermediate extension grid with a Dgg of 960 mils was set
at sggg = 462 mils. The emission current was approximately 90 ma at 5 min
of cathode running time-and 70 ma at 15 minutes.

: Transmission became 100% after 14 minutes. The other extension
grid had a Dgg of 706 mils and Sggg vas set at 300 mils. Since we were
set up to read only 100 ma of Ip at maximum, we could not determine the
true Ip versus time for the first 16 minutes because the beam current was
more than 100 ma. However, at 22 minutes the beam current was 87.5 ma
and transmission was 98+%. The same drift problem in Ip was apparent.
Even though these power levels were attainable it became obvious that a
fur;her step was required to produce & satisfactory electron gun.

J Cathode self bias was selected as the most expedient method
aVailable to obtain more stable beam operation. - Since biasing the present
cathode only led to defocusing of the beam, some dimension had to be
chahged in the cathode in conjunction with the addition of bias. The
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decision was made to change Dg from .100 inch to 1/4" as an attempt to
pattern the area immediately surrounding the emission face after that
of an Heraeus, filament type cathode because the filament cathode was
known to operate with satisfactory stability.

The results of this redesign are summarized in Fig. 4.03.0k.
The beam stability became satisfactory, and the perveance was so increased
by the change in Dg that the standard extension gria (Dgg = 1.18") could

be-used.

o)
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4.0k  TInsulator Development

Because of the temperatﬁres expected in the cathode area,
a high alumina ihsulator was desired. Simplicity of shape was
eﬁphasized, for there was not time to retrace the Insulator develop-
ment if troubles appeared, and the performance of the simpler shape
could be predicted with more confidence. The shape which combined
réquired surface leskege path length with mechanical strength was
a cone, convex toward the pressure, Figure M.Oh:Ol. Tnitial models
‘made of Vycor borosilicate glass cracked when the cathode was heated,
“but the alumina units proved as effective as had been hoped.
Wﬁen subJjected to the design maximum vibration environment, a cone’
aﬁd cathode assenbly developed resonant displacements which would
have severely degraded performance, but all joints remained sound
and leak-tight.

The defects which did appeaxr in operation fall into two
classes: braze failures and electricael failures. In time, some
' cénes began to leek at the ceramic-to-metal seal, apparently-
through failure of the metalized Jjoint. Service life could be
extended in these cases by coating the area with Dow Corning
silicone varnish number 994 and baking over 150°C. The elec-
trical failures divide in turn into two classes. A yellowish
coating on the vacuum side of the insulator built up over a

long period of time, apparently through decomposition of diffusion

Approved For Release 2000/05/04 : CIA-RDP67B00657R000300080001-9
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pump oil. Unless removed with scouring powder and elbow grease,
tﬁis layer eventually flashed over and developed low resistance
t;acks. The other kind of failure was an actual perforation of the
insulator, which occurred in a region of high electrical stress.

In an effort to control voltage distribution and charge
accumulation, the outside of one insulator was coated with a silicon

carbide paint chosen for its nonlinear volt-ampere characteristic.

The effects on steady de test were good, but the operating exper-

~ience was no better than with bare cones, and poorer when the paint

began to come off. e

.An insulator in the form of a flattened cone with annular
convolutions has been bullt, Figure h.ohk.02. Laboratory tests of
the insulator alone and operating tests of the insulator and cathode
in a gun have pioved the suitability of this design for extended
service. No vibration tests have been run with this structure, but
the shortened cathode stem permitted by this design raises the
natural frequencies of the structure and greatly reduces the moments
generated by shock loading. The wavy surface was necessary to pro-
vide the length of surface path 150 kv operation with a bare surface
required.

Along with the more compact insulator, & new plug-in
cathode (Figure 4.04.02) was designed to replace the existihg

complicated heavy and sensitive configuration. Replacement in the

' field was a major effort, which could greatly be’simplified with
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Plug in cathode and new insulator
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the plug~in feature, allowing replacement through & handhole instead
of by disassembling the gun. All set screw type adjustments were
replaced by proper dimensional tolerance and control thereby making
all assemblies readily interchangeable. The new cathode is also much
lighter in weight, raising the natural frequency of the cantilivered
system.

Mechanical centering of the bolt is automatic once, the stem

and insulator are centered at initial bulld up. The bolt is centered
with respect to the pilot diameter during manufacture, insuring auto-
matic centeriné when the cathode assembly is plugged in plsace.

A new stem waé designed to accommodate the plug-in cathode.
A copper sleeve was incorporated in the stem to help trensfer the

%i'i , heat generated by the bolt back to the gas cooling of the power
SUPPLY .
| The overall diameter of the new cathode assembly is much
smaller than the old and can conceivably reduce the tendency for
electrical arc-overs. The outside surface has no sharp edges or
' Joints which also can minimize arc-overs.

Approximately one month of continual testing on two
caﬁhode assemblies has confirmed the practicality of the plug-in
features and also indicated that performance was as good or better

than the previous design.

(
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Vibration Testing of Cone and Cathode Assembly:

While the alumina insulator locks extremely rugged and stress
resistant, the weak spot is the brazed joint to the metal cup which
begins the cathode structure. In addition, the means adopted to
isolate the ceramic-to-metal seal from the cathode heat contributed
a large compliance to the cantilevered cathode stem. The possible
effects of vibration, both on the bolt cathode and on the insulator,
were a source of concern. To put quantitative limits on these effects,
a series of vibration tests was run. The cathode was not hot, nor
was the space around the cathode evacuated, but the atmospheric
demping was estimated as low enough to be ﬁeglected, and not nearly

powerful enough equipment was asvaileble to shake the system needed

.to keep a cathode in operation.

The first step was a slow sweep from very low to very high
frequencies to identify the natural frequencies of the vibrating
structure. Two were found with low dynamic amplification. Then at
each of these, the assenbly was vibrated for two minutes at an
excitation level defined by Figure 4.02.05, which was the guide in
al? questions of environmentel vibration. After the vibration
ex%osure, the assembly was retested for natural frequency and leask

f ‘
chﬁcked to discover any failure. None was discovered.

!
f
!
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4,05 C-Gun Vacuum System

Refinements over Heraeus:

The C-gun system has several modifications in its pumping

components from those in the Heraeus gun, although the pressures

maintained at each comparable stage have been similar. These modi-

fications can be listed as follows:

1)

2)

3)
4)
5)

Sorb pump:

Use of MCF-60 diffusion pump or PMCS-EB diffusion
pump and BCRU-20 baffle.

Completely redesigned sorb pump.

Redesigned ejector for compactness and lightweight.

Shorter dump connections.

Use of discharge tube through access door.

The redesigned sorb pump for the C-gun system is shown

in Figure 4.05.01. It consists of three concentric tubes or con-

teiners, each with its own function. The center tube, of copper,

contains the molecular sieve material and is, in turn, immersed in

the second container, of stainless steel, holding the liquid

nitrogen.

The third tube, also of stainless steel, surrounds the

" first two, and contains the vacuum insuletion, reducing the loss of

liquid nitrogen to a minimum. The high polish on the surfaces

surrounding the vacuum space is intended to reduce radiant heat loss

1 through it.

Two tubes, & fill and vent line, transfer the nitrogen

" into the second container.

|
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As one of the features of the design was the liguid nitrogen
container insulating vacuum, the attalnment of this vacuum was very
importent. Several methods were avallable:

(1) A direct connection from system vecuum to container

This method as employed in standard liquid nitrogen traps
15 inconsistent with the use of the final vacuum system,
since the high vacuum portion of the system is not al%ays
in operation.

(2) A closed system employing & final sealant

The vacuum chamber is to be pumped down and sealed off
by either a valve or pinchoff. The final vacuum attained
i is limited by the cleanliness of the container as well as
the pumping system used. In addition, outgassing of the

valve or pinchoff upon sealing would increase the pressure

of the sealed system.

(3). A closed system employing an internal absorbent and
final sealant

A molecular sieve material is physically placed inside
the vacuum chamber, which is pumped down and sealed off.
As used on many commercial metal dewars, the material is
in contact with the liquid nitrogen container and by‘its
own pumping action would further reduce the pressure in
the chamber. If proper assembly and pumping facilities
were available, this method would be Best, but its use

demands prior baking of the molecular sieve, quick

assenbly, and pumpdown.

| Approved For Release 2000/05/04 : CIA-RDP67B00657R000300080001-9
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(k) A closed system employing bake-out and final sealant

Though long and relatively involved, this method is the
best availeble at present to produce maximum results.
Tt involves clean assenbly procedures and pumpdown on an
ion pump bake-out system. A MOOOC bake produces ultra-
high vecuum in the chamber and a copper pinchoff seals 1%t.
The sbrb pump must periodically be regencrated by heating
to drive out the gases adsorbed in its active material. All the
atmospheric gases but water will be desorbed at room temperature.
Complete regeneration requires that the sorbent bed reach a tempera-
ture of 36500. An electric heater was bullt into the pump for this
purpose, but a series of failures of the heater lead wires prompted
the adoption of a hot air baking. Air, heéted to about 500°C, was
blowvn into the fill pipe of the liquid nitrogen chamber, escaping .
from the vent, and the sorbent reached 270°C in 45 minutes,
starting from liquid nitrogen temperatures. This proved to be hot
enough for & sétisfactory beke, even though it fell somewhat below
the manufacturer's recommended temperature.
In the final system for which the pump is intended, an
059 in., diameter by .187 in. long aperture is used in the sorb
pump's stage. The preceding (higher pressure) stage 1s maintained
at .5 torr, or less, during operation of the system, and the pump

. must maintein at least .010 to .04O torr for the operation of the

| |
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following (lower pressure) stage. Fig. 4.05.02 shows the minimum
characteristics the pump must maintain. The throughput presented 1s
.0k torr liter/sec.

The performance of the sorb pump on test;is summarized in
Fig. 4.05.03. |
Design Diagram: - |

Fig. 4.05.02 is the vacuum design diagram for the C-gun.
A water cooled baffle on the 0il diffusion pump was added to control
0il backstreaming. ' -

Control V‘e.lves:> , ‘

The function 6f the control valves is to close the vacuum
system when a beam is not required to permit maintaining a vacuum in
the cathode space and avoid upsetting the pump cascade. There are two
valves which perform this task together. One is the shutter valve which
geals the Pé chaﬁber from amblent and the other is the ejector valve
vhich seals the chhamber from the ejector. Together they completely
isolate the system.

The shﬁtter:valvé seals the water cooled.N2 nozzle with a
two-way pneumatically operated plate sliding on a stationary O-ring
surrounding the nozzle opening. An insulated electrical contact at the
top of the air cylinder indicates when the valve i1s opened, thereby
disabling a high voltage lockout.

Tn use there have been several malfunctions of the valve,
mostly attributable to assembly techniques. One of these is the use
of a large amount of vacuum grease for lubrication, which eventually
solidifies from the'high temperatures caused by the beam, making the
valve stick. For use at high power levels, the design will need modi=-
fication, such as removing the O-ring completely from the orifice area
when the valve is opened.

Approved For Release 2000/05/04 : CIA-RDP67B00657R000300080001-9
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Sorb pump test results
Fig. —4.05.03
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Ejector Valve:

The ejector valve is a spring loaded one-way pneumatic valve,
connecting the gir ejector and P2 chamber. A sprihg loaded design was
used to simplify the alr line connections. (A similar design on the
shutter valve required too great an air pressure for operation and the
cramped location of this valve prohibited more surface ares on the
operating piston.) 1In operation, sticking has been & problem, again due
to excessive use of vacuum grease. It has been found that a small
amount of this grease will give good results but afnon-gumming variety
should be considered for future use. ‘

The function performed by the two control valves described
above could be taken over by one valve, semsling the system at the N3
aperture. In this way, the system is not only simplified but the closed
system is isolated from a large volume containing ieak sources which
would be tolerable in the dynamic systenm operation?but intolerable to
the closed system.

The present design is not readily adaptable t0 a single
valve, mainly pecause of space limitatlons. Howevér, a redesign of the
beam transfer system. could incorporaﬁe this valve. It will be essential
to remove the O-ring from the nozzle area when the valve is opened and

immebon

make it & part of the moveble seal.
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4,06. Beam lLosses

Calculation of Single-Scatter losses in Gun:

In calculating the electron losses to begexpected inside the
beanm transfer section of the gun, especially in the Pl stage, it is
instructive to estimate the average number of collisions suffered by each
electron. j

For 150 kev electrons over a 1 cm path in air at 10 torr
Ppressure, the estimate turns out to be 1.5 collisibns._

As thils neglects a number of factors, principally the effect on density
of the power density of the beam, we can proceed with the calculation
on the basils of single scattering and decide lateréwhether the repre-
sentation 1s valad. j

The statistics for single4scattering hav? been summarized by
Schumacher in Physics Research Report 6406 of the Ontario Research
Foundation, Toronto Ontario. There, the proportioh of electrons scattered
from a heam into the annular spece subtending unit}angle at the scatter=
ing site by a layer of gas molecules is tabulated ?or values other than

those of immediate interest. The report also give% the computation scheme,

and parameters are plotted over a sultable range. | Repeating the calcu-

lations of the report for the conditions found in the gun, the fraction
lost from the beam on the basis of single-scatter_ﬁs
_ |

D -5
F,f-@ y *13x107P

where:
P is pressure, torr,
D is pata length, cm
ri@ radius of orifice, cm

For the various chambers of the gun, this results in the following values:

P (torr) D (cm) r (cm) . F
P, =10 0.6 0.076 8 x 107"
P,=0.5 . 11 0.076 2.5 x 10‘4
P; = 0.01 , 1.1 - 0.076 5 x 1076

' 1
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These small figures can obviously be"doubled to approximate the effect
of the 1.5 collisiens predicted above without glving cause for concern
over the power which would be delivered to the apertures through which
the orifices pass. The outermost, for example, might be expected to
receive sixteen watts when the gun is operated at a ten kilowatt level.
The aperture discs were, of course, designed to dissipate far greater
power than this to survive e process of getting the gun lined up in
the first plaee.

These calculations are corroborated‘by experience in running
the guns in which the beam transfer section became'generally warm, bub
not excessively hot when operated under simulated pressure conditions.
A large error in the calculated losses would have been exposed by much

greater rises of temperature than were actually experienced.

External Beam Scattering Measurements:
One assignment for the laboratory gun vas to investigate
the spread of the electron beam at a distance of lp" on beam sxis from
the last orifice. The particular cross section offprimary interest,
simulating the exit hole in the skin, was not perpendicular to the beam
but at an angle of 22° with the bean axié. Considerabion of the para-
meters effecting the beam w0uld indicate that a perpendlcular CYOsSSe-
section at any point in a field free region must be symmetrical and,
therefore, circular in shape. Hence any obligque sectlon must be nearly
elliptical, if the divergence is small. ' !
The experimental setup consisted of a water-cooled retal.
plate, inclined at 22° to the beam, with an elllpt;cal hole 6.66 in x
2.42 in., ten inches from the outermost aperture of the gun measured
along the cone axis. This was inserted in the Pyrex pipe experimentsl
chamber and electzlcally insulated for measurement of intercepted current.
The cooling water lines were likewise instrumented‘to indicate the amount
of heat absorbed. '

w

f
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In operation, steady-state temperature conditions were reached
in two or three minutes, and water flow, temperature rise and inter-
cepted current could be measured. At a 40 torr discharge pressure (in
alr), and low current the simulated skin received about 8% of the power
of a 150 kv beam. At higher current, the graphite beam collector at

the end of the chamber glowed so0 brightly that considerably power was
radiated to the plate. Since the effects of power density are to

reduce scattering by reducing gas density, 8% was adopted as the maximum
expected interception beyond the gun.
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4.07. Installations .

The C-unlt as mounted in right chine is shown in Figs.
4,07.01 and %.07.02. The optimum axis of the unit would have been
made somewhat higher than shown, except that extensive changes would
have been required to either the outer configuration of the aircraft

structure or to the beam transfer section of the gun. The axis selected

enabled the installation to be accomplished with a minimum of aircraft
modifications, and yet was satisfactory for flight test purposes.

The left-hand installation was the same as the right with the
ekception of the ejector. Aircraft wiring end piping changes that would
have been necessary to make the installations identical were much too
complicated, so the ejector was removed from the C-unit and mounted
separately in another bay. Dummy load resistors, required for pulsed
operation, were also mounted in the left side, just forward of the water
cooling system, as in Fig. 4.07.03. .

On both sides, & small access door with;the beam exit tube
attached was fitted into the bottom chine to serve as a service entry for
conducting performance tests, system check outs, and minor servicing.

To provide a dump for the vacuum system, a ramp similar to the one used
on the Q-bay was added to the structure at the outside edge of the chine.
Three eliptical tubes were secured to the structufe and formed a gas
Passage from an internal plenum to the ramp area.; All open joints and
connections to the outer structure were caulked b& the aircraft'ground
crew with a silicone rubber sealant to insure pro?er operation of the -
ramp. Views of the ramp and pipes appear in Fig&{h.OT.Oh(a) and (o).

The cooling water system for the C-gun,;Fig. 4.07.05 and
4.07.06, is schematically simllar to that of the Heraeus. One main
difference was in the pump used. In tests at thejlow preséures that
would be experienced during operation at altitude; the pump motor on
the Heraeus system overheated quite badly. A 24 ﬁolt-D.C. Moyno pump did
not exhibit this deficilency and was used instead. ' Various problems later

i
[
i
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encountered with this pump turned out to be due to assembly errors

made when the pump was torn down.fbr modification for the installation;
otherwise it was quite satisfactory. The total system heat load was
estimated at 2550'watts, and the heat exchanger was sized on the basis
of this power and the ditfusion pump cooling inletztemperature require=-
ment. Operation of the system in flight showed this thermal design to

be adequate tor the loads encountered.
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.08, Operating Procedure

Introduction: , ,
There is a body of technique developed in the course of using

the electron beam equipment, wvhich may properly be regarded as a part
of the operating systems. Such procedures are outlined in this section.
Mechanical Centering of Bolt Cathode: '

Tt was the objective of the design to provide a structure that
would be electrically allgned when 1t was mechanically alligned. This
entailed some means of centering the cathode structure on the mechanical
axis of the gun after any radical re-adjustment of the system. As ex-
plained above,‘the cathbae mount was provided with a translating stage
(end flexible electrical connections) to permit suéh‘adjustment, and the
part which was exchanged was merely seated in a circular fit to center
it with respect to the cathode mount. The tool fb% checking the concen-~
tricity of the cathode in the gun used a cyiindric%l plug of which one
end was turned to fit the seat, the other to fit ihto the grid cup with
minimal play. The plug was drilled on a diameter Lo accept a rod to
which a dial indicator could be fastened. In use,|the plug was fitted
with the dial 1ndicator and dropped into the cathode mount seat. Con-
centricity with the mountlng flange of the insulator cell was obtained
by translating the cathode mount until the 1ndlcator runout was zero.
(Usually + 0.0005 in. was taken as @ood enough.) Then a cathode was
installed, and the concentricity of its grid cup with respect to the
same flange was measured, using the other end of-the plug. Indicator
runouts at this stage were ordinarily + 0.00l in. ?After the insulator
cell was installed in the gun case, the concentricity was checked once

_again, this time against the bore in which the anode assembly mounted.

The runout at this stage was’usually also about + 0.001 in., although
the tilting anode Flate was able to compensate foréeccentricities of

0.005 in. or more.
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Remov1ng Transition Section:

_ Tn the installation, the aligmment of the gun axis with
peztlnent elements of the structure was fixed by the clamp which held
'the transition piece to the power supply tank. Once established, the :
correct orientation was worth preserving if the power supply case had
to be opened for any reason. The means of doing this was an adjustable
fixture, shown in Fig. 5.05.01, which also gave very welcome support
to the gun, which was awkward to handle, even though light.

Use of the fixture entailed removing certain screws from either
end of the transition section and attaching the plates at each end as
indicated in the drawing. Then the adjusting screws lifted the weight
of the gun until the power supply no longer bore any weight. At this
setting, the fixture returned the gun to exact alignment.

Exhaust and Outgas:

The experimental system had speclal requirements in that the
high vecuum area was often open to air for the purpose of changing
diﬁensions, parts, and checking the cathode. The high voltage behavior
durlng tests depended to s great extent on the length of time the Ph !
chamber had been exposed to atmospheric pressure and the amount of humidity
présent at the time. Another important factor was the vacuum history of
new parts installed in this chamber. If these parts had never before
been heated inside a vacuum, then copious outgassing could be expected
from them in a pressure range of 10~ to 10'“ torr. Ideally, all parts
should have been previously heat-treated under vacuum before installation,
“but the means was not always available to accomplish this. Certain pro=
cedures, therefore, were adopted for the operation of the gun.

After closing the system, it was roughed out through a tap on
the P3 duct. Exhaust of the Pu chanber usually would be completed in a
matter of minutes to the roughing pump pressure level (10~15 mlcrons),
and the diffusion pump could be turned on. In a matter of 20 minutes
the chamber was pumped to better than 10"* torr. At this time the
cathode wag turned on full (60 watts bombardment power.) The cathode
was allowed to run at this value until once again the pressure rose to
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lOf-lL torr. The cathode was then cut back and if the pressure éontinued
td rise, the cathode was shut off completely. When the vacuum had become
better than .'LO'-LL torr, then the cathode was energized again. This Pro-
cédure continued for 30-40 minutes until the Ph Pressure reading fell,
instead of rising. When it reached 5 x 10~ torr with full (20% of

standard) bombardment power, then the gun was ready for seasoning.

Seasoning:

The purpose of seasoning was to prepare the gun for stable
operation at its highest voltage. Seasoning was always unavoidable after
the high vacuum section of the gun had been opened to atmosphere or the
system otherwise exposed to comparable pressures. There were two schemes
of seasoning: cold seasoning and hot seasoning. Cold seasoning was
accomplished by gradually increasing the high voltage with a cold cathode
until the intended operating voltage was reached. Hot seasoning pro-
ceeded by‘outgassing the cathode as previously described, and then apply-
ing high voltage with the cathode running at its normal temperature. Of
course, this produced a beam, but anode tuning of the beam at low voltages
for 100% transmission was readlly accomplished. Thereafter, hot seasoning
up to 150 kv with the beam colleced in a shielded catcher could proceed
with no damage to any part of the gun. Hot seasoning proved the generally

more satisfactory procedure.

Anode Tuning:

The tilt screws for the anode gimbal passed through O-ring
sealed glands, so that the anode plate could be tilted for fine beanm
adjustment while the gun was in operation.  The usual drive for the screws
was a pair of capacitor-split-phase synchronous motors, geared down to
2~3 rpm. This remote control ensbled the beam to be centered very repldly
without exposing anyone to X=rays.

Catcher:

The beam at even partial power was s potent drill, asnd some

Lprovision had to be made to accept and digsipate the beam power, while

minimizing the emission of x-rays. These objectives were met by a lead
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shielded, water cooled copper tube inclined at a 5° angle to the beam
axis. This was arranged to screw into a fitting at the outer gun ori'fice',
sesling with an O-ring. The almost grazing incildence of the beam spread
the focal spot enough to prevent any melting at the copper.
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.CHAPTER 5
POWER SUPPLIES AND CONIROLS

5.01. Introduction
The initial requirement for power supplies was conceived in

terms of window tubes, with the only stringent requirement that of

size. Weight reduction was later achieved by replacing oil insulation
with a gas, C Fg, and by forming the tank walls of honeycomb panels.
Transition to the Heraeus gun was stralghtforward: a filament “isolation
transformer was built into the gun to provide an impedance matech, so
that no internal changes in the power supply were reguired.

Moving out of the favorable conditions in the Q-bay presented
problems of environment tolerance that were compounded by doubling
the rating of each supply. The space available for mounting the
supplies in the installation was severely limited, and weight object-
ives could be met only by eliminating cables and connectors, providing
cooling to permit use of normel-temperature components, and utilizing
light-weight materials and structures wherever practical. Because of
the possibility of hot spots in the powver supply, perfluoropropane,
C3F8, was adopted as an insulating gas for its better thermsl stability.

Before entering upon the development of power supply circuitry,
an analysis was made of the relative weights of alternative schemes and
the performance to be expected from each. An important element of the
electrical system was thé means used to distribute single-phase loads
evenly over the three phases of the supply. These phase balancing
networks may be present physically or disguised in the transformer
connections of some circult arrangements, but they must be there, since
one of the system specifications was a balanced load. A proposal to make
the total systeﬁi a balanced load by scott-connecting the transformers of

the two power supplies was rejected on grounds of the concentrated load

that would present to one generator.

Approved For Release 2000/05/04 : CIA-RDP67B00657R000300080001-9



Approved For Release 2000/05/04 : CIA-RDP67B00657R000300080001-9

5.02 - 1

5.02. Comparstive Weight Study
The initial study of component weights for the Q-supply was

based on the following ratings:

Input: 520 cps, single phase or three Phase

Output: 175 kv de, 40 wma, 5% ripple (24.5 kv p-p), 20% duty

Table 5.02.01 lists the estimated weights of transformers,
rectifiers, capacitors and the energy stored in capacitors. The cal=-
culated regulation shown does not include the effect of transformer or
rectifier impedances, and is thus optimistic.

Capacitor weights were based on & nominal welght of 0.25 pounds

 per Joule for units operating at 85°C. Rectifier weights were based on -

available high voltage silicon units, assumed the same for all single-
Phase supplies and multiplied by three for three phése circuits. (The
rectifier currents are so low that no silgnificant weight difference is
realized by reducing the current rating.)

A phase balancing network weight of 28 pounds was assumed for
all the single phase circuits.

Some attention was given to the question of the best distribution

- of power supplies for the several loads to be fed. UNeglecting the

weight of cables, the analysis showed a decided wvelght advantage in g
single central supply for all loads. In the Q-~bay environment the cable
question was less pressing, and one Power supply was actually built
with twin outlets and s current balancing control to operate a pair of
window tubes. Generally, though, the kind of experiments being run with
all the Q-bay installations avoided the problem of central vs. individual
supplies by having only one load to feed. For the C-guns, tﬁe prospect
of terminating, installing, and possibly replacing a high temperature,
high voltage cable gave strbng backing to the concept of a directly
connected bower supply, which finally prevailed.
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5.03. Q-Supplies*
The full-wave quadrupler circuit was adopted for the Q-supplies

that were built for window tubes and later used also with the Heraeus
gun. Photographs of an early, oil insulated version show the kind and
disposition of components, Figures 5.03.01 and 5.03.02. The small box
near the six feedthrough terminals houses lead~protective Zener diodes
and bypass capacitors.

Compared to those shown, the components for the later gas
insulated supplies are smoothly encapsulated and metal parts rounded
off. The only component added in the gas insulated version is a cir-
culating fan, which prevents stagnation of the insulating gas and keeps
it ﬁoving between hot components and the cool walls to transfer heat

to the Q~bay atmosphere.

¥Throughout the project, equipment came 10 be knowvn by the ares in which
1s was installed. Thus, power supplies for the Q-bay were Q-supplies;
those for the chine, C-supplies.
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5.0k, C-Supply Circuit Selection
Tor the 12 kw power rating desired for each chine unit, a new

comparison of thé major contenders in the power supply group was made.
The decision had not yet been made to unitize the gun and power supply
on each side; consequently some of the supplies considered had double
the unit power rating. Five basic points were taken as ground rules:

1. The load presented to the generator should be balanced
three phase.

2. The insulating medium would be pressurized gas.

3. Cooling would be provided to permit use of normalltempera-
ture components. High temperature components had already
been found to add more weight than a cooling system.

4. A small number of low emnergy arcs in the supply would not
be harmful so long as it did not shut down as a result of
the arcs.

5. A minimum number of control functions should be required.

6. Minimum operating life should be 500 hours.

With these starting points, the types of supply which had shown
some promise were compared. Two approaches which had been rejected in
'designing the older Q~supplies were also included, the self-resonant
transformer and the use of some higher baslc supply frequency. The
latter two techniques are discussed first below, followed by an inter-

comparison of all of the approaches.

Resonant Trensformer Circult:

Thig circult utilizes a transformer similar in design to con-
ventional types but operated with its secondary resonated, éither by an
external lumped capacitance or by distributed internal capacitance. Be=-
cause of the resonance condition, the secondary voltage 1s not ElN, but

ElNQ, where E. is the primary voltage, N is the turns ratio and Q is

1
the quality factor of the tuned circuit. )
The circuit's main disadvantage arises because the kva rating

of the transformer is the kva rating of the supply multiplied by Q; for
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a 24 kva supply with a Q of N, for example, the transformer rating
would be 250 kva. Thus for operation at a given frequency, the trans-
former would be about 10 times heavier than a transformer for a con-
ventional supply. Such a penalty more than offsets any advaentage gained
by not requiring voltage-multiplying components. Operation at higher
frequencies would reduce required transformer weight proportionately,
except that iron losses and consequent heating make necessary additional
iron, in order to reduce flux density.

In practice, self-resonance occurs at about 3 kex and higher
frequency operation is not practical; the example in Table 5.04.01 is
for this frequency, at which a transformer weighing 225 lbs is estimated
t0 be needed.

Compared to the voltage-multiplier circuits, the resonant trans-
former approach also has these disadvantages:

1. The full voltage is developed across the transformer winding.

2. If half wave rectification is used, direct current flows
in the winding. If full wave rectification is used the
welght of rectifiers is increased, being at best the same

- as for a multiplier circuit.

3. To use voltage multiplication in addition to resonance
requires that the multiplying capacitors be calculated as
part of the resonant circuit with a resultent lowering of
operafing frequency and increase in transformer size.

4, The input frequency must be regulated within rather close

limits.

Higher Freqgeuncies for Conventionsl Circuits:

At higher frequencies, the size of the transformer is reduced,
as shown in Table 5.04.01, until a minimum is reached at about 1000 cps.
Above this frequency, the size is again increased due to the inability :
to utilize the iron fully. The reduction_is about 10% of the 500 cps
transformer weight or, for the 2l kv 24 quadrupler, 13.2 1b. The capac-
itors would be reduced by about 6 1b for & total weight reduction from
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the 500 cps unit of about 19 1b. If a separate generator and control
would weight about 60 lb, then, the net effect would be to increase the

total system weight by sbout 4 lb.

Voltage Multiple Circuits:
Table 5.04.02 compares the high-frequency supplies with the
voltage-multipliers. Assumptions used in component estimates, except
as already described, are as follows:
Generator: The weight estimate of the aircraft generator is
pased on an increase of KVA of the present generator operating
at its present frequency.
Transformers: These are of conventional design using wound cores,
cut to accept the copper. |
Rectifiers: Solid state rectifiers were assumed.
Capacitors: These were chosen for 500 hours life at an operating
temperature of 150°C.
Tank and Structure: Two estimates are given, based on the use
of stainless steel and of titanium.
Miscellaneous Structure: Since flanges, hardware, etc. are
aifficult to estimate accurately, appropriate allowances were
made on the basis of the earlier gas-insulated units.
For the application, the total system weight advantage of the
2 phase quadrupler is offset by the weight of cables required with a
central supply.  -The full-wave quadrupler was therefore again selected

as the best overall choice.
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Phase Balancing Network:
The following discussion of the delta network used for phase

balancing first derives the balance conditions algebraically, then
considers the consequences of departure from the exact balance condi-
tions.

No analysis was made of the overall weight penalty associated

with some arbitrary degree of unbalance, since the ground rules specified

that the ship's power system must be loaded in specified ways, which

v

excluded in particular any significant unbalance.
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1/3(Il+a12+a213) The symmetrical components of
the line currents
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I = 1/3(Il+a21 +aI3)
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For no unbalance, I_ = 0.
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and if Y_. = G, then formally,
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a: 4
‘ Three different departures from the exact balance condition ‘ _ Z
were studied: Ten percent load decrease at unity power factor and
rated frequency, ten percent frequency increase at rated load and |
unity power factor, rated volt-amperes at 0.9 power factor and rated i

frequency.

Lo"acl .
MWVWW— A ‘
ﬁ" IA
. . :
Case 1 Ioad with unity power factor ;'
Case 1 is the vector diagram drawn for this case. The following
L - relations hold true: ' ;
;
1. V,_ =V =7V balanced :
AB be CA ; 3 phase voltage
2. CAo+v 20 + ¥ '21+O=O)input :
Cl— ‘ : i
3. IA = IAB Ic.A. N
. . . |
>+ I = Igp = Ipc
° i
6. I, lags VAB by 90 ;
o ;
T I leads VBC by 90 :
8. IAB = Iy /LI & CL are chosen to make this true/ B
| |
9. I ‘/—IBC [nless this 1s true, the system will not ' }
balance/ . .
. When conditions are set so that the above equations are valid, ,
a balanced load is presented to the power system. |

N 7
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Case II. Ioad of the system (ICA) decreased 10%, Li, Cl, and the
frequency remain constant.
Equations 1 through 8 still hold but 9 is modid fied by 10%.
The resultant line current unbalance 10%.

% unbalance = I max.-I avg.
It gt
3

X 100

Cese III. Line frequency is increased 10% T
Equations 1 through T are still true; hovever,
I, is decreased 10% and Ip, is increased 10%.
The resultant line current unbalance is 4%.

Case IV. Ioad with 0.9 power factor
_ Equations 1 through 8 are true. The resultant line current
unbalance is 36%.

These four cases were set up in the leboratory and the resulbs
verified experimentally. |

Case IV was made a balanced system in the lab by putting a
capacitor in series with the load whose vars were equivalent to the load
inductive vars.

This study was based on a system with fundamental sine waves.
However, the load to which this system may be applied contains a capacitor
multiplier which introduces load harmonics. The analysis therefore is
not:rigorous, | .
From this study, however, it can be concluded that it is load
power factor which has the most influence on line current unbalance with
this phase balancing technique.
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5.05. C-Supply Description

The location of the prototype guns required either that long,
high temperature, high voltage cables be employed, or that the power
supplies be located at the gun positions. In view of the anticipated
difficulties with cables, the radical-sounding ldea of cbnnecting the

cases of the power supply and gun commanded serious consideration. 1t
developed that this approach was entirely feasible, although the amount
and shape of the avallable installation space dictated an arrangement
other than the ideal one of direct axial continuation of the power
supply case to form the gun housing. Instead, the gun was attached by
means of a tee-shaped transition section; Fig. 5.05.01. This forced
choice, however, eliminated the necessity of a connector for blind
mating, which would bave been required by the axial configuration. A
removeble cover at the opposite end of the run of the tee gave access
to the terminals of the gun for connectilon.

The demand for small size and light weight led to an extension
of the gas insulation technique used in the Q=supplies. Forced con-
vection through a water-cooled heat exchanger permitted high ratings
in small size. Because the most obvious gas, SF6, will decompose at
300°C, and non-critical hotspots might reach this temperature, per-
fluoropropane was substituted. C3F8 has the additional advantage‘of
slightly better electrical properties.

Substitution of titanium for steel, cooling to permit the use of
normal-temperatuie cbmponents, and careful design to eliminate in-
effective material brought the weight down to 108 pounds in Phe model
actually installed. This could have been reduced further still to 87
pounds with technology at hand and is estimated at 78 pounds with
reliance on developments as yet untried. It is interesting to note
that the weilght of each power supply was just the estimated weight of
the two high temperature cables required had a central power supply
been. carried in the Q«bay.
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The full-wave single phase voltage quadrupler was packaged in a
eylindrical tank as shown in Figure 5.05.02, where the identity and
weight of each major component can be read on the corresppnding part of
the mockup in the transparent tank. The auxiliary supply for cathode
heating is located above the filament transformer at the end of the
agsembly away from the camera.

Weight, space, cooling and voltage problems required that the
bleeder resistors which were incorporated into an output voltage
measuring circuit in the Q-supplies be omitted in the C-supplies. Out-
put voltage information was therefore obtained by measuring the ac in-
put voltage and dc output current and entering a calibration chart with
these arguments to obtain the output voltage. ‘

_ The curves shown in Fig. 5.05.03 were obtained with a resistive
load bank of 5 meghoms maximum, made up of 50 series-connected 100,000
ohm 100 watt resistors. Comparing the currents in the ground return

- leads of the power supply and load bank gave assurance that no signi-
ficant currents were leaking from the load resistors. Smaller load
resistors, down to the 1.875 megohms required to accept rated current
of 80 ma at 150 kv de, were obtained by shorting out selected resistors
to maintain a reasonably uniform voltage distribution along the resistor
string, although the limited power rating of théhbank would not allow
sustained operation at the higher currents. .

The schematic of the C-supplies is shown in Fig. 5.05.04, vhich
shows the arrangement with the final design auxlliary transformer. The
full-wave voltage quadrupler was disposed in Just four separate pileces:
transformer, rectifier bank, ac capacitors, and de capacitofs. The
auxiliary‘supply achieved control of cathode temperature by running the
bombardment filament hot enough for its emission to be space-charge |
limited. Voltage:changes at the input of the auxilisry supply trans-
former then had much greater effect on the bombardment voltage than on
the current. Monltoring the auxiliary transformer primary current thus

gave enough information to operate the cathode in its proper range. The

- Approved For Release 2000/05/04 : CIA-RDP67B00657R000300080001-9
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initial calibration was made by opening the power supply transition piece
and inserting instruments to measure filament and bombardment current
and voltage in both filament and bombardment circuits. This procedure,
which was repeated every time a new cathode vas installed,‘demonstrated{
more than any other evidence, just how uniform the bolt cathodes were.

All sets of data were virtually indistinguishable.

Experience:

With the exception of the items noted below, performance of the
C-power supplies was quite satisfactory. None of the major h;gh-voltage
components failed in service, although the insulating support‘for the
auxiliary transformer secondary did cause flashover problems for some
time. This difficulty was finally traced to a grain in the mica-gless
insulating material which had been ignored by a supplier in fabricating
the item. Redésign to lengthen the breakdown path and substitution of
a glass-reinforced epoxy remedied this defect.

The other major electrical problem involved the six-pin connector
called Pl in the schematic. It was not able to withstand some of the
surge voltages caused by flashovers in the gun. When this happened, there
was a power follow from the fan clrcuit which burned up the connector.
Replacing the connector with one.with higher voltage rating and bypassing
each lead entering the tank helped some, but at the termination of the
experimentel program it was not certain that that fix was permanent.
Transferring the current monitoring lead from this small connector to
an unused pin of the H.V. primary pover connector seemed to eliminste
the trouble, but additional consideration of the several contributing
factors is needed. ' .

A few early mechanicael problems with fracture of insulating
supports were cleared up by redesign to increase stressed sectlons,
remove redundant constraints on brittle materials, and by substitution of
semiflexible for brittle materials. |

Two gas leakage problems were also encountered. The first of
these involved the main shell of the supply known to have been dropped

Approved For Release 2000/05/04 : CIA-RDP67B00657R000300080001-9
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in shipment. This tank later developed a lesk at the spot welds Joining
the cylindrical tank shell and the support brackets. A heliarc weld
beam repaired the leak, and extra beads at the ends of the brackets tied
them to the sturdy flanges to share the load of the power supply com-
ponents. Future models have been redesigned with longer brackets which
extend up to the quick disconnect flanges, leaving just enough room for
the clamping bands.

The other leakage problem was experienced with a transition
section, which connects the gun and power supply cases together and
partially supports the weight of the gun. When the particulaf section
began to leak insulating gas, it was found that one of its welds was
cracked. Each of the other three transitions was immediately checked
but none showed any fault.

An intensive investigation into the history of this particular
piece showed that the proper stress-relieving procedure for 12% Cr
steel had not been followed, and that eventual fallure due to stress
corrosion could have been predicted if the departure from prescribed
methods had been known initially. The defective part was scrapped, and
a new part made by spproved procedures. It exhibited no weld defects
and served without incident.

The unit used for gun development accumulated far more than its
rated 500 hours of service life without apparent distress, despite all
of the nonstandard conditions encountered in laboratory service. It was
also subjected on several occasions to two-hour continuous operation at

125% rated load. With normal cooling water flow, no overheating or elec-

trical malfunctioning was observed, implying that there is apparently
sufficientumargin in the power supply design for adequate service
reliability.

|
\
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C-Supply Weights:

Between the time of the initial weight estimates (above) were
made and actual construction of a power supply was begun, lighter com-
ponents had become available, and experience with some of the structural
elements and with electrical insulation in this service had accumulsted
60 that much lighter power supplies could be designed and built. In
Table 5.0L4.03 are listed the component weights for the C-gupplies as
constructed.* )

For comparison with these "Present" weights, the column headed

Vﬂ”Attalnable" estimates the outcome of a straightforward redesign pro-

gram based on present knowledge. The last column of the table indicates

what might result from an extensive development progrem utilizing exotic
materials and techniques such as aluminum foil transformer windings and
high-stfength thin-section structural menbers.

Additional system weight-saving can be expected of future
supplies over thé present version because of the fact that'only about
9 additional pounds of transformer weight would be required to construct
a balanced-load 3-phase~-input supply, compared to the 20 1b phdse bal-
ancing network presently employed with the single phase éupply. Thus,

the total of about 152 lbs for the present supply plus network ﬁduld be

reduced to about 101l lbs for a next generator supply not requiring a

network.

“*The improvements in Table 5.05.01 over the Table 5.04.02 estimates
-would affect each of the glternate choices sbout equally, and thus
, cause no change in choice of circuit.
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TABLE 5.05.01
Present and Future C-Supply Welghts
12 kw, Single Phase Units

Item Present Attainable Conjectural
Wt 1b Wt 1b Wt 1b
AC Capacitor k.5 k.5 .
Rectifier 6.0 h.5 4.5
BV Xfmr 48.0 35.3 30.0
Aux Supply 4,0 1.5 1.5
Isolation Xfmr 6.7 4.5 T
Gas 4.0 4.0 4.0
Heat Exchanger 1.3 1.3 1.3
Supports 2.1 L.L 1.1
Wiring 1.0 0.5 0.5
Misc Hdwr 15.0 5.0 E.O
Supply Weight 100.1 Q.7 .0
Shell + Flanges 8.8 8.8 5.7
Dome 2.k 2.k 1.6
Transition 12.5 7.0 4.0
Clamp(s) 7.8 3.5 1.9
Seals 0.5 0.5 0.5
Tank Weight 32.0 22,2 13.7
Tot_al Welght .~ 132.1 91.9 TT.T
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5.06. Control and Telemetry

Apparatus for in~flight control of -the high voltage power supplies

and of the incidental power for items such as cathodes, cooling pumps,
solenoid valves, etec. was carried in the Q-bay. Initially, this space
was used because it was the location of the power supply and gun. When
the C-system was first designed, the intention was to locate the control
units in the chines, adjacent to the power supplies. Later, however, it
was decided to retain the Q-bay location for the controls, in order to
avoid the time and expense that would otherwise be needed to prove out
a unit usable in the high-temperature chine environment.
The control system was founded on a few basic functions, which.

2

remained almost constant through the many revisions to accommodate the
successive beam generating systems as they were developed:

Sensing and discrimination of voltages and currents was done
with Sigma series 8300 magnetic amplifier relays, which will operate
on differences between a signal and reference of less than a microwatt.
With these, direct-current quantities were sensed directly, and ac
quantities were measured by adding sultable rectification and filtering.
More rapid detection of current or voltage than the magnetic amplifier
affords was secured by using SCR's with dc supplies to éontrol relays.
The principal use of this circuit was for overcurrent (fault) sensing.

For vacuum monitoring of P2, a thermocouple gauge was used.

Its output could have been fed to a magnetic smplifier relay of suiltable ’,

sensing coll impedance, except that for checkout a visual indication of
pressure was aléo required. Accordingly, a conbtact-making indlcator
(Hastings Model CVI-k) was used with the gauge tubes (Hastings DV-4D)
appropriate to the 0.1-2.0 torr range of interest.

High vacuum, Ph’ was sensed by a Philips ionization gauge (CVC

type PHG~06). This cold-cathode tube bas the advantages of simple power

supply requirements and absence of elements which can be damaged by

vibration or exposure to atmosphere. A 1500 volt supply was incorporated

" in the control to power esch of these gauges, interconnections suitable

!

Approved For Release 2000/05/04 : CIA-RDP67800657R00030008000v1 -9

et s v e T

Kt g v i



(

(ww
¥

(

Approved For Release 2000/05/04 : CIA-RDP67B00657R000300080001-9

5.06 - 2

to this voltage being made by coaxial cable and HN connectors. The
tubes themselves were modified for use at high altitude by replscing .
the connecting cable supplied by the manufacturer with & bulkhead HN
connector, whose leads were potted in Silastic.

A low resolution (3 bit) analog-to-digital converter was built
to provide the telemetering signal for a continuous range variable,
‘X-ray intensity in the tube system, and beam current for the pumped
guns. An offset bias was built in to the converters to permit the
linear scale characteristic to span the range of maximum intq?est.

For reliasbility and circuit convenience, all other variables were
arranged to be sensed as contact closures.

The ways in which signals, obtained from these sensing elements,
from 1limit switches, from interlock contacts, and from external controls
were combined to exercise the desired control are shown in the accompany-
ing figures. Actual connections of the hybrid signals are inconvenient
toftrace, s0 logic diagrams are used to symbolize the control system
relations.

The control built for the window tube installation was used in all
the subsequent stages of evolution. Because most of the equipment phases
actually overlapped, radical revision of the hardware was possibly only
twice. Other changes were accommodated by cunning artifice that some-
times resulted in startling responses to component mslfunctions or to
operationally impossible inputs (g-conditions). _

The detailed functional organization of easch version of the cone
trol system can be understood by examining the control logic diagrams.
Fig. 5.06.01 is the version used for the chine installation. Several
sub-groups enclosed in dotted lines appear as independent functional
blocks in the other systems, where they are sﬁown as single components
with the same labels. Fig. 5.06.02 is the version for the Heraeus gun
installed in the Q-bay, and Fig. 5.06.03 is the version originally
- designed to control the window tube. Each of these is taken from the
.corresponding operating system, and duplicates the response of the

T

Approved For Release 2000/05/04 : CIA-RDP67B00657R000300080001-9

v



Approved For Release 2000/05/04 : CIA-RDP67B00657R000300080001-9

10906~ Bi4

sues
vy A S
s sz

WaIsS )., wedbeig oot
MOF 907

G LNy T7000 T —
I LNV 700> &

0, WJOOH DOF MS MOLLINNS PAHLNOD

WA, ¥O 7000 M5 NO/LINAS TONLNCD
TeTToe ~

VXA U 7 > 7003
IIXVA U &
WISV ALK 7

IIVA AN &

xx(in&. MS MYLONNS  TQIUNOD

j VouWoD WL

"L NSLAO DVINYA AH &
LA LAO KXV AH 7
i
IS AT 7

AXI, MS AT T
8, LT WL A, 057> LANVTO0D T
WS SAT
EnllF WL

ATIINS 77 7
ATIAINS Wt ¥

n\\k\%xnlAn — W

CudlG WL
wret) YOLYIITNI LI

Lo 215 WL —( =
M

wh N MS AAT 7

ALXT, MS AT N

=/ ,05/ > LNVI00D &

AN HS AT &

Tl /T WL

]

e

Lo St/ 20tct [T Har FHOSSTY oS ot &
« ¥

HIO FSTNS 997
SFSr 7 WO FSTAS F9F
I

A Sz 1

[ i 7
728 Fove
* ] ‘ A} Srar S H- St sinsSTYNS St 7
kg g 7
|
ATLINS AH 7 (- 71 1 H@
: I | | k >zY Tove
|

avo7 awwna 7 i

i

- == e ]
6tr9 we——(( -

L
LOSLNC WISVA TS 7
] , R )
FINOT oA 7rs T — — - —— = % g_ Nt L70 DorSVA S &
-
CH

Qkﬁ.ﬂ VO 25 7

I (SR LIWI7 07 IVIXIA T1L 7
[ ﬁ N
W, ﬁ e i :
I _lA W !

ol |
ATIINS AH & _ | »

1y L0G WL AW_QH , i I

i
TYO7 AWWNT & , 7

(RUIANT 1ty KU SV Tt T

\~Emlii7 07 Wi IS &

Zovs

SonILSvH FHSSTSS

HudlG WL

IO STLLAKS 7

—
B I T T MS SOLITIFS 7ASLWOT
1 I sl o
~(_F== 5t
— 5 HLOG MS Y0LI773S 704LMO>
:ﬁ@lﬁn& MS Y¥0LD7775 TawinoD

a k2
G 157 WL (| il

Izt crowz70S 7

ki QNN\W LWWKW\@(W &
NISIND NKH T
s VO
.“\ bv“\ TIONT 705 & \vk “W\WWWW \ﬂk\\q\h\wﬂ AaLLNGHS NS 7OYL
& WYYA ‘7S 7
ATMO7 DUIMVA T/ MH LLak, a0 25 &
WSIVY WVA T/ ) WA Ty &
YITHOT SVIYVA At Y ‘L Muik\v\\w nuvxﬁei,ﬂ%%
FIMO? VNV AH T CTHILIW(T 07 /YA A 7
FSIVY DV/SVA AK 7 e MO IS T
WS D/ AH &

COMNTLNG Sof 7
(SHLINIT 15 HISVA MY T
HCSE Y

(OWNTLNS St &
CHLIWIT 1t IR AN &

€ - 90°¢

Approved For Release 2000/05% CIA-RDP67B00657R000300080001-9



20790 5 b1
0 E) ung snaesay we.bep 31607

Q\“QM\\M M“M /X | &7 ZANOD | FSHTS IINT7 AVY X
Ld ax g oL
Sy lid WL Moromszw |
m X yET ®/ 01 pe LOLLIO WISA Al
-— @Vo7 Awwna { W
0 P22 A0, ISy 097
.w ATIINS AH - . — n
m 240 77 NG, TSNS 927
LT WL —_—
o 8y W 7 TIHY - DPW [ mazs
e oy LMTEIND MK
2 Qe
m [@l’ ety - orw |22 SLToN AK
4 N SLTA AH
— 7 65 ]
5 9,218 WL
«© w1 aW - oW FONFS
W74 SL7OA Aty

W,
m S L o7 ory -—
m Fu L8 WL (O W) ATLINS AH W7
~ e 118 we A LYLSOWHIIL SVFLYTAC

73AF7 Lo e £
% 2, ua wi @’ — T Sovss LNFXYID A
o) L L1 WL
1 7@ oL mS ” vm 2 sl
<L X (DX) L7578 NoL Lngtisne 70H2M0)
Al.v ANFNY TS { LALLAO H/YVA  Tx
<t oorytn ag TSvy a : TISOI> NI07¥7LMr S
o / - NO /S HILIMS Al
Rlu - (2#) 21wr7 1tt Dbrivn Aw
ow) Liwr
O ovism an 37mor s Con) Lows7 07 Jwrvva aw
Y
S A ewrorw | ] ]
m.gn%\ VAN TS I NO 25 HILIMS "7/
FSH: p 24
e
N X XAD 7t 7 o\\WW.WN\_% ESET3 LNFXY 72 (Sa) MO/~
(<}] o
N Wt L7005 Ay "y
(5]
[}] 27
Q WY TONLNO
Q LA¥ v Ak SV AN “ S
aFSO72 LVLSOWHIHL LN ¥7002

WS LWV 7007 ,\J’
Py

LNTHSINOT 59T

 F— NAY 7003 TavineD
A9 700> l(T - !

\\<\\n< * 700D + 957 70X LHNOD

KPS LIFH
SFAIZ | ¥TWNOLSHVIL T

Approved For

XTAGE
N Q25
o Pe
BO0H
oV@e

-,

7HLNTSST

Approved For Release 2000/05/04 : CIA-RDP67B00657R000300080001-9



R
“

Approved For Release 2000/05/04 : CIA-RDP67B00657R000300080001-9

28V OC
3¢ w00 AC

3¢ THRAVS | 24
RECTIFIER

B20v AC

26 voc

ESSENTIAL DC

coor oc

5.06 - 5

65" Fo 7

" Yoy . . o
CON THOL~ EGEREOOL HRUN
CONTROL~ Covion o —L‘:\/

COVNTROL - UV

] A wor
VAC- /o8 [ —

ST | mas-ame [

VAC JON (PCLREENT

W

RUW AC

K2pH3

WY VRRIAC LO LIMIT ()

\#V VARZAG MALY L /MITEKC,)

Y SWITCH S on”
PS5 INTERLOCK (HC)

i)

£l SWITCH S2'o8”

A7
Ao coR

OVERTEMP THEAMOS ya7

W WY SueeLy(va)
CONTROL PUSHBYTTON

|

FAYLT RESEF (HC)

SEsE

HV CURRENT P

LEVEL

MAG AP 4y

D'sww DUNMY o4

SENSE

e
s cor [y

MAG-AME

AV VOLTAGE

v VoL
s - [

SENSE

SEMSE —————
A9

s
s voer [y

ac-Am2

AL BUCKING

VAR/AC Lo L/M/TIHC)
U BUCKING

VARIAC K/ LIMTC)

£66 PUSE " on

£66 PULSE OFF"

LL.05%

—
ACL FIL

n¢,arn|

AV VARIAC oUTPYT —@

X-RAY LEVEL

SIS,

Smasa

woro x4
A 700 ra
[COMVERTER | x/

Logic diagram window tuhe

COOLANT Pump™

HV AR INPY T

HV SULRLY FAN

LOWER MV VARIAC

RAISE AV VAK/AC

FIL, SUPFPLY

KASE F/L.
BUCAING YARAAC

LOWER FIL
BUCKNVE WRF/AC

DUMMY LoAL

HYSURPLY INPYT

M BIT "
TH BIr "2
TH B/7r™3
TH BT 54
M BT S
TMBITE

TM BIT*7

M BT 8
THMBIT*S

TM B/T0
Th BTN

Fig. —5.06.03

Approved For Release 2000/05/04 : CIA-RDP67B00657R000300080001-9



Approved For Release 2000/05/04 : CIA-RDP67B00657R000300080001-9

VACUUM GAGE/BEAM
CURRENT [INDICATOR
AND SELECTOR

SYNTHETIC BEAM
CURRENT ADJUSTMENT
AND PUSHBUTTON

AUXILIARY SUPPLY
PRIMARY CURRENT
AMPERES A-C

/

5.06 - 6

H. V./AUXILIARY
A-C VOLTMETER

A
/ \

o L

4
o
(=]

/

PRESS
N, d

7’ N

5 / P
[

NORMAL FIL
4
& % FAULT I g
f z CoO0L RESET o PULSE HoV.
] i e T
SYSTEN Z PG. HIGH L X
STATUS AUXILIARY SUPPLY DIFFUSION
SELECTOR SWITCH PUMPS
AUXILIARY RUNNING
SUPPLY ON

Laboratory control box

VOLTMETER SELECTOR

SWITCH H. V. PRIMARY
OR AUXILIARY PRIMARY

Fig. —5.06. 04

Approved For Release 2000/05/04 : CIA-RDP67B00657R000300080001-9



Approved For Release 2000/05/04 : CIA-RDP67B00657R000300080001-9

5.06 = 7

e Physical system for all contemplated inputs. The response to ¢-condition
- inputs may be different in the hardware and on the schematic.

In addition to its operating mode, every control system required
modes for checking, testing and trouble shooting. These were provided
by special jumper wires in the control input cable connector, which en-
abled the control to distinguish which mode of behavior to adopt. These
Jumpers, backed up by a few special switches and strategic clip leads,
Permitted almost any mode of control operation that was needed. Fig.
5.06.0k is a drawing of the panel of the laboratory control box, which
; contained all the controls requisite to starting up, checking the system
‘ in or out of the vehicle, or seeking out troubles in the apparatus. In
a piece of servicing epparatus such as this, 1t is easy‘to be convinced
that more and more direct control over the functions of the system is
necessary, but the circuit complexity that entails, the extra hazard of
feilure it imposes on the operating control system, and the opportunities
that it provides for human error to damage the system draw the line far
short of the point at which technieal Problems begin to limit the special
functions that can be introduced.

In coﬁtrast to the laboratory control panel, intended for testing
and checkout, the pilot's control panel for ih-flight operation of the
equipment was made as simple as possible. It contained only a status
selector (OFF / EGG / COOL / RUN), a gun selector (LEFT/BOTH/RIGHT), and
a FAULT RESET button. The latter was included tq Permit manual restora-
tion of high voltage after a fault, before the automatic reset circuits'\
bad passed through their complete cycle, a feature included to allow a
minimum of down time during the relatively short data taking portion of
a flight. To inform the pilot of fault conditions requiring reset action,
use was made of the ship's Q-BAY EQUIPMENT OUT warning light. With this
exception, all auxiliary systems were made automatic in operation and
all status information was telemetered to the ground, rather than dis-
Played in the cockpit, so that the Pilot needed to have practically no
concern about the operation of the Kempster system.
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The telemetry consisted of eleven bits which could be assigned

%o whatever functions were of the greatest interest. The actual assign~ -

ment was a compromise between eleven on-off indications and a completely
encoded eleven bit telemetry word. Some bits changed significance,
depending on the state of other bits; others retained their assignment.
The logic diagrams include the bit assignments for each system.
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CHAPTER 6
FIELD SUPPORT EQUIPMENT AND PROCEDURES

6.01. Introduction
A large fraction of the testing and checkout work in the field

was done with the equipment installed in the aircraft, rather than in
the laboratory. To facilitate this work, portable service and support
equipment was needed.

No less important than adequate service equipment was sound
service procedure. This was provided by a comprehensive set of check
sheets, which were used to control all routines pertaining to prepara-

tions for flight tests.

Because most personnel were assigned to the field on a rotating

basis, formalized procedures were essential, not only in checkout, but
in maintainance and modification of equipment. Changes on all chine-
mounted equipment were systematically administered, in order to prevent
errors, uncertainties, and omissions.

One aspect of the operation of the equipment presented unusual
requirements for fileld personnel. This was the inecidental production
of x-rays in normal operatilon and in checkout of the guns. Means were
employed to assure safe conditions for all personnel concerned.

Field operation disclosed a number of items in the system need-

“ing improvement,ﬁsome expected because of only limited testing prior to
shipment, and some unexpected. Where time permitted, changes were made
in the field. In other ceses, however, schedule requirement; dictated

that compromises or temporary expedlents be adopted. To aid in planning

future work with the same or similar equipment, this chapter concludes
with a summary of the additional changes belleved desirable, as of the

conclusion of the program.
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6.02. Ground Support Equipment

In preparing the installed equipment for a flight, a number of

different fecilities were utilized:

1.

2

A small motor-driven water pump to fill the system's
coolant~-circulating loopon reinstallation; also to
circulate cooling water through the electron-beam
catcher during ground operation.

Compressed air, supplied at low flow by a small air
Pump and at higher rates from the shop lines - to.
actuate the systembs pneumatic valves and to furnish
motive air for the ejector; also, as hot air, in
reconditioning the sorbent in the sorb Pump .

A general-purpose type vacuum pump, capable of an
ultimate vacuum of 1-10 microns and having a displace-
ment of about 15 cfm for sorb pump regeneration and for
maintaining vecuum in the Pl and P2 spaces dﬁring‘
ground operation into a vacuum-tight beam catcher.
Pressure-measuring means covering the range 1 micron
to 1 atmosphere - for use with item 3.

A light-duty (5 ampere) 28 v de power supply - for
routine checking and special, temporary checkout
requirements, especially when ship's power was not
available.

A supply of liquid nitrogen - for filling the sorb

pump «

. An in-line air heater - for attachment to the ayétem's

IN2 fill port to provide hot air for sorb pump bake-
out. '.‘
A supply of liquified insulating gas - for refilling

or pressuring the power supply.

Approved For Release 2000/05/04 : CIA-RDP67B00657R000300080001-9
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9. A source of 3-phase 515 c¢ps 35 amp power - for full-
power ground operation of the system power supplies
without the core saturation that otherwise occurs if
operated at 400 cps.

The first five requirements were provided by assembling
appropriate equipment on a 2 £t x 3 £t cart which could be rolled to
“the side of the installation for connection to installed units. TFig.
6.02.01 shows this arrangement schematically. Items 6, 7, and 8 were
carried on this same cart, although not built-in. ,

| The last item was met by modifying an aircraft generator test
stand, type AGl08, equipped with a ship's generator, type 31121-000. |
A ship's generator controller, type 51133-000 was added to the stand,
together with an output circuit breaker, reed-type frequency meter,
output connectors, and dry batteries for field flashing.

| To handle the C-units and move them safely in and out of the

chlnes, an adapter was made to permit an aircraft generator ground-
handllng unit to be used. By this means, the equipment, mounted on the
handler, could be rolled into place beneath the aircraft and hydrauli-
cally raised into position.

A final, major item for support equipment that was needed only
in the laboratory was a high~-capacity rotary pump. A Kinney KDL4-250,
250 cpm pump was used for'bench testing whenever the ejeétor was
operated. This pump was able to produce the required ejector exhaust
pressure of about 10 Torr at the operating throughput. A somewhat
smaller pump, 100 to 150 cpm, would probably have been adequate, but
the larger size was on hand, and additional capacity proved ‘useful for some
of the tests that were run.
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6.03. TFlight Test Operating Techniques

Preflight preparation:
The preflight procedures believed necessary for successful [
operation in flight varied widely over the course of the program. 1In
the initial phase utilizing sealed-off solid anode: (dummy window)
tubes, operating the equipment was very much like operating commercial
x=-ray equipment, and almost no special preflipght process was followed.
Of course, the various components and interconnections were checked to
insure no failures due to oversights. When the more complex differ-
erentially pumped guns replaced the sealed tubes in the field; a more
complex check out procedure became necessary, and a start-up phase had
to be added. ‘
The additional complexity was especially needed for the first
Pumped gun, the Heraeus system. This unit had been converted for |
flight use 1n as short a time as possible, and little attention was paid
to making it operationally fool-proof. Accordingly, the check list for
preflighting the system included step-by-step instructions, carefully '
planned and ordered to prevent inadvertent fallures because of such
oversights as admitting full atmospheric pressure to the sorb pump when
cooled, or to the high vacuum space when the filament was heated., Fx-
perience with modifying the gun also pointed out a number of possible
trouble spots in its operation. To insure a successful test, as many
as possible of these were checked as a part of each preflight, with
some additional-steps being added to the check list accordingly.

. When the field operation converted from the Heraeus gun. to f
the C guns, there was a strong tendency to carry over most 6f the former ;
check list. As time went on, however, it was found that few of the
system's individual functions actually required preflight checking to
verify proper operation, and some shortening of the list was possible.

In addition, attention to fool=-proofing, both in the basic unit and in
the control systém (which was drastically modified from the version used
.with the Heraeus gun) allowed most of the step-by-step instructions to

‘be eliminated from the list. During the last few wéeks of flight testing,

Approved For Release 2000/05/04 : CIA-RDP67B00657R000300080001-9
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changes in procedure were made to simplify and speed up those parts of
the preflight done on the last one or two hours prior to launch. _

Fig. 6.03.0L is the "Flight Test Record" form used in the last
two flights, with late changes incorporated. Some further simplifica-
tion of the form would probably have been order, had the field program
continued, but 1t was felt that no useful purpose would be served by
making revisions after the conclusion of the tests, since there was no
intention of using in the future exactly the same support and control
systems, both of which interact strongly with the check list.

Basic objectives of the preflight procedures are fourfold:

1) To verify proper installation

2) To initiate pumping and to pump down the vacuum space

3) To condition the accelerator to tolerate operating voltages

L) To verify proper overall operation

The first of these is covered by pages 3 and U4 of the form end
was carried out in the hangar; the next three utilize Page 5, again in f
the hangar; while page 6 covers last minute operations and checks out=- '
doors on the pad. The calibration data of Page 2 is needed for tele-
meéry interpretation and for experimental purposes. Page 1 summarizes
the checkout and test results.

For the last few flights of the brogram, the preflight philosophy .
was changed so that all pumping down was done indoors, and the system %
vacuum was held after checkout by the sorb pump (which was then period- |
ically serviced up to flight time). By this means, the most time con-
suming part of the immediate preflight list was eliminated, in addition
to which the conditioned state of the guns seemed to be bet%er retained.
Procedures during flight:

Flight paths employed in the test program consisted of three
Portions: outbound, turn-around, and inbound. On the outbound leg, whiéh

was limited in altitude over its initial portion, tracking lock and tele-

- metry were usually lost, beginning at about 5 to 15 minutes after takeoff,

‘6o be reacquired following turn around on the initisal part of the inbound

Ap.proved For Release 2000/05/04 : CIA-RDP67B00657R000300080001-9
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TEST FLIGHT RECORD

(Check one) Left__ Right___ Unit
Our Flight No.
Scheduled Date/Time
Rescheduled Date/Time
Rescheduled Date/Time
Takeoff Dete/Time
Landing Date/Time

TEST OBJECTIVES:

RESULTS:

EQUIPMENT ¢
Gun No. Power Supply No. Main Control No. Pulser No.
Gun Iocation Cathode Assy. No. A-D Converter No.
Boiler Fluid Circulating Fluid

Special Equipment

SETTINGS (NOMINAL)

E Kv, I ma,

Dummy Load __ ohms, Terminal Numbers

¢Balance Circuit Component Valves

Duty Cycle Cycle Length msec.
CALIBRATION Date/Time / ____ Initials
GUN INSTALLATION Date/Time [ TInitials_
RACK INSTALIATION. Date/Time ___ /  Initials_____
'OPERATTION CHECKOUT  Date/Time /__ Initials_____
STARTUP Date/Time ___ /  Tnitials
POSTFLIGHT Date/Time /___ Initials_____ *

CHECK IF ADDITIONAL NOTES ON REVERSE SIDE

Check Form, Page 1

| | Fig. 6.03.01
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‘, - ot
B 'c" CALIBRATION
" Left__ Right___Unit
Date
1. Power Supply Gas At psig at room Temperature.
2. Gun No. Power Supply No. Maln Control No. Pulser No.__
Test conditions desired: XV, 04,
Test conditions attained: HV pri vac ab cps (nom 151 cps)
I ) ma, 1't me.y th_
Ia Ko amp, Eaux vac
PLL Torr, Rk ohms
Running Time Min.
Radistion Level mr/hr at 1 Meter
Line Volts
3.% Under frequency control setpoints: c¢ps off, cps on
Lk, Aux. power supply Man Level volts, Auto Level amps
5. Beam current trip level na,.
N’ 6. Philips Gauge (Ph- trip level ( X10~ Torr.) ma. .
7. A-D Converter No.
Count 000 l -001 I 010 l 0l l 100 ‘ 101 i 110 111
Input O to l l | I ‘ l ‘ I
Should be nominal current.
8. All potentiometers locked.
NOTES:
*Not usually checked
Check Form, Page 2
-~ .

Fig. 6.03.01 (continued)
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- "G" RACK INSTALLATION
- Date

! ' Left

23}
s
g

1. Tnstall control(s) and pulser(s) in rack.
a. Mate PL/RL. (See note 1)
b.  Mate PL/R5.
c. Mate PL/RT
d. Mate PL/RS.
e. Mate PL/R9.
f. Mate PL/R1O.
g. Connect both EGG coax lines.

2. Install A-D converter(s) in rack.
a. Mate PL/RUL.

3. Install rack in Q-bay, mating Q4 on rack (Y-cable)
with Q4 on article before hoisting last 18 inches.

4. Mate Q5 on rack (Y-cable) with DC cable Q5 on article.
5. Mate article AC cable(s) PL/R3 with PL/R3 on control(s)
Tnetell gun control (Hastings) box on rack.

a. Mate P20.
b. Mate PL/R2L.

c. Mate PL/R22

d. Mate PL/R26.

7. Mate KL/RL.

8. Connect KL/R3 terminals 1, 2 or 3, 4, 5, 6, and 8.

9. Connect strip chart recorder(s). Check paper supply.
10. Tie down all slack cables. )

(wg |
(28

ELEEEE T FEEEEEE

IRRRRRRRRRA AR RRRRE

-

Note 1. Copnections duplicated on both sides are shown L/R.

Note 2. EGG will usually handle their own connections and will close
lower hatch.

€

Check Form, Page 3

Fig. 6.03.0L (continued)
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10.
11.
12.
13.
1k,
15.
16,
17,

18.

19.
20.

22,
23.

"C" GUN INSTALILATION
Date

Check angular position of both clamping bands on HV tank.

Check gun inclination angle.

Check hardware for tightness and locking devices.

Check air and water loops for continuity and tightness.
Check insulating blanket for completeness, fit,and ties.
Get alternator lift. Bolt 1lift stand onto 1lift head.
Put gun on 1lift stand and move to article.

Check that hoist path is clear and line up basket nuts.

Be certain outer cylinder of 1ift is not stuck to center
post. Jack gun into place, seated on bracketse

Install three mounting bolts (forward, outboard).

Have crew member install aft support bracket.

Drop frame on hoist; install aft inboard mounting bolt.
Loosen and retiéhten aft gun support to relieve strain.
Hook up ship's air line.

Fill the circulating coolant loop with fluid.
Connect@Philips gauge co-ax cable.

Connect five heavy wires to terminals 1, 4%, 5, 6, & T
of KL/Rk.

Mate connector(s) KL/R2.
Install X-ray monitor, if used.
Have crew install rib gap sections and blanket.

Have crew seal vent ports. Inspect. This must be done
at least four hours before rollout in cold weather to
allow seal to cure.

Have crew install and seal ramp. Inspect. .
Reinstall alternator platform on 1ift and return.

RERRENEE

B
LD PTTRTEEE TEETEE T 8

]
||

Check Form, Page 4

Fig. 6.03.01 (continued)
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"C" OPERATIONAL CHECKOUT Date Left -~ Right

l. Have crew put‘hoo power on article and remove door (if on) Time

2. Connect ™ light box to P9. Set lab control box to OFF, connect
-~ to P8.

3. Connect vacuum pump to P3 tap. Pump out hose.
L. Valve off pump, open P3 tap and note P3. Energize P4 jacket

heater. —
5. Comnect 20 psig air thru air heater to sorb pump. Open pump

valve to P3 and turn on heater. Tinme
6. In about 1/2 hour, P3 will peat at and then fall. Turn

off heater when P3 heads down below 100 oo Time
7. When sorb pump exit air cools back down, disconnect air.

Note P3. Disconnect P4 jacket heater. ‘ n
8. Turn control to COOL. Diffusion pump should take hold within

10 min. Time
9. Throw S1 to OFF, control to RUN. Check A-D battery (5.9v min) S A

10. Return control to COOL. Plug 2 holes in P1 menifold and
connect cart's other vacuum hose to the third hole.

1l. Remove ship's air line and cap ship's air inlet.
12. Install catcher with cooling lines.

13. Close valve to P3. Open valve to Pl. With Pl less than P3,
reopen P3.

14, Install and connect tuning motors and target current meter.

15. Connect 12 psig air to ground air inlet. (Shutter should be
- operable)

16. Change over to 520 power. Turn on catcher water and run beém.
Note pri v, Ip ma, It 5, « Time

DO NOT SWITCH OUT OF "RUN' WITHOUT 2 MIN OF O CURRENT (shutter seal)
17. Turn control to OFF and disconnect pump from Pl.

RN

|

]

18. Remove tuning motors and catcher.

19. Remate P3, P8, and P9. Temporarily gnd. TB2-9 ‘to check 'QBEO
lite up front

20, Check recorder paper supply and connect to signal and power.
2l. Comnect all 3 bellows and boiler vent line. '
22. Inspect seal at vents and ramp. Check for leakage if questionable

NEN

23. Disconnect ground air supply and cap inlet. Reconnect ship's air
supply.

2k, Close P3 valve, turn off and disconnect vacuum pump.

25. TFill cooling system boiler.

|1

Check Form, Page 5
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~N OV WP

o

10.

12.
13.
1.

15.
16.
17.

18.

19.

- Check that wheel well breakers are closed.

"C'" PREFLIGHT STARTUP Date Left Right

Connect vacuum pump to Ps tap. Pump out hose. Time

Valve off pump, open P3 tap, note P3 v
If above 50 p, pump down and record

Close P3 tap, disconnect pump
Fill sorb pump with LNZ2. - Time

Note HV tank‘pressure / . If below 30, fill to 35 psig.

Check that ship's air line is connected and ground air line
capped.

REPEAT ON OTHER SIDE

On Gun Control Box note (a) Hastings set point
(b) Diffusion pump switch on
INTERNAL

(¢) Hastings power switch on LEFT
(d) Hastings Gauge Head
selection LEFT

On control units note (a) Switch S1 is ON

RIGHT

RIGHT

(b) Switch 52 is AUTOmatic

Request clock pulses from EGG.
Set PCB to COOL. Time
Check for sound of chine water pumps.

Check for flashing G bit by depressing G test button.
(EGG unit must be on)

Check that Pl comes down (should be less than 10 min). Time
Check all fuses. Check diffusion pump lights on Hastings box.

Check misc. word from EGG. Should be Left only 0200, right
only 000k, Both 0204

Turn PCB to EGG. Misc. word should be L-001l6,R~0T00,Both 0716

Top off sorb pumps with LN2. Help crew replace doors. (Use-
bellows tool). .

Notify crew OK to close Q-bay hatches. Tine

| |

Check Form, Page 6

Fig. 6.03.01 (continued)
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FLIGHT DATA
Our flight no. A/C mo. Flight no. Date
Time off Time down Pilot EGG no.
f
Time OFF |EGG |COOL [RUN| G| F [T+ |X, |X,|X) REMARKS
S¢ | P+ | Pt

Debriefing notes:

Check Form, Page 7T

Fig. 6.03.01 (continued)
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"C" POSTFLIGHT CHECKSHEET
Date

Left

1. Remove recorder strip chart(s) if used.

2. Remove door, using bellows holding tool.
3. Connect vacuum pump and gauge to P3 tap. Punp down hose.

4. Valve off pump and open P3 tap. Record P3 pressure.
P3 (left) = T P3 (right) = T

- Blow out residual LN2- If none, so note.

. Note apparent mechanical damage.

RN
LT T

0

6

7. Recover X-Ray monitor if used.
8

« Refil boiler. Record amount used.
Left ce Right ce

9. Check all fuses.

10. Check pressure in HV tank and record.
Left Psig Right psig.

|

Check Form, Page 8

Fig. 6.03.01 (concluded)
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leg, usually at 30 minutes after takeoff. During as much as possible
of the next 15 minutes dats was taken so that it was desirable that
the diffusion pumps be started immediately after takeoff to allow
ample time for the system to attain its operating pressure and for the
cathode temperatures to stabilize. On the other hand, it was not
desired to start the pumps before takeoff because of the possibility
of subsequent unscheduled delays prior to takeoff, which might result
in overheating the cooling systems. Accordingly, the preflight con-
cluded with all power removed from the units. This had the added
advantages that removal of ground power from the ship, if necessary,
had no effect on the system, and that no power was present when the
ac frequency (at engine idle rpm) was below the transformer saturation
frequencies (a safety factor in addition to the underfrequency trip
device incorporated in the unit controls).

Timmediately after takeoff, the pilot switched the system to
CO0L, starting the cooling system circulators and energizing the
diffusion pump heaters. Approximately T minutes later, the cathode of
each gun was automatically energized, in response to a "bressure OK"
signal from the.réspective Ph pressure sensor. This allowed about 23
minutes for cathode warm-up prior to use. TFor the data run, the pilot
actuated the guns by switching to RUN, either at a prearranged altitude
and position, or on radio command from the EC&G test control room. On

‘“compleﬁion of the run, the pilot returned the system to COOL, usually
by prearrangement, but occasionally on radio command. Prior to landing
he de-energized the_system, leaving the telemetry system
operating, however, until after touch~-down. )

During the flight, the status of each gun was monitored visually
at the EC&G test control point by means of a remote indicator for the
11-bit "miscellaneous" telemetry word. The form used for recording
relevant events appears on page 7 of the test sheets, Fig. 6.03.01. By
this means, it was pbséible to spot and diagnose troubles immediately
in the field, without having to wait several days for a data reduction
printout from the magnetic tape recording of the same telemetered

information.

Approved For Release 2000/05/04 : CIA-RDP67B00657R000300080001-9 .-
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To assure accuracy in spite of the speed with which some of
the indications changed, the register readings were read into a dictat-

ing machine, for later transcription to the form. This technique also

permitted other comments to be recorded. The ||l controiier, in 25X1A

additlion to monitoring his system status indicator, was included in
the EC&G intercommunications net, from which aircraft range, heading,
and status could be'obtained, and through which messages to and from
the pilot could be relayed.

In general, the procedures employed at the EC&G control point
worked quite smoothly and the support rendered was very satisfactory.
One facility that was provided turned out to be particularly helpful:

a h-channel pen recorder was utilized to record real time (for later
reference to taped data), aircraft range, the "gun on" telemetry bit,
and the log-i.f. de output of the rf-data receiver. This information,
with the _sta.‘bus data, gave a preliminary idea of the results
of‘the test and allowed interesting time intervals to be identified
for data reduction from the magnetic tape. Interpretation was aided
by ineluding a db calibration on the rf-data channel of the pen

recording.

Postflight Items:

Following englne shutdown, the units were inspected for any
visible mechanical or electrical discrepancies, and the amounts of
cooling fluids used up in flight were noted. These items were recorded
on the last page of the log sheets. Additional data, such as altitude
and speed attained during the data run and any unusual oceurrences, were
obtained at the formal debriefing about one hour after landing and noted

in the log sheets.

Recommendations: ,

In retrospect, extensive simplification of both the check forms ‘
used and the procedures followed now appear desirable. Specific changes
depend on the exact nature of fubure systems and on the use to which
they are put, i.e., operational or experimental, and so cannot realis-
tically be set down at this time.

Approved For Release 2000/05/04 : CIA-RDP67B00657R000300080001-9
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6.04. Maintenance and Modificatilons

Records and Systems:
As work progressed, the need for improvements occurred to the

laboratory-based group, and field operation pointed oub deficlencies
which should be remedied. In order to keep the records straight,
every major event in the life of each piece of equipment was recorded
in s notebook, physically attached to the equipment when possible.

Changes which were agreed upon vere documented and carried out
for all C-units through a formal modification kit system. v

When a change was accepted as desirable, kits of all the new
parts required were made up with a form which indicated the exact change
to be made. Even if no new material was required, a form was used to

document compliance with the modification instructions.

Maintenance Philosophy:

A good preventative maintenance program, if properly executed,
should assure relisble eqguipment operation and cause off or down time
t0 be practically eliminated. Such a program requires that a thorough
evaluation of all electrical and mechanical units be made in preparing

' & maintenance manual. Certain items should have daily, weekly and
monthly checks. Strict adherence to all charts and check sheets and
workmanship of the highest order should be employed. The spare parts
supplied should carry sufficient information for easy identification,
ingstallation and reordering. With good recommended procedure and
qualified personnel the trouble-free upkeep of any equipment should be
routine.

Throughout the field phase of the program, this philosophy was
implemented wherever possible, although developmental aspects of the
effort frequently required compromises. It is recommended that future
efforts seek to identify necessary maintenance procedures prior to
begiming field tests, and that equipment development in the field be

“held to an absolute minimum.
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6.05. X-ray Protection of Personnel
In flight operation, the electron beam becomes a source of

X-rays produced by electron collisions with air molecules. Personnel
and radiation sensitive items such as film are accordingly protected
by a combination of natural shielding, proper distance limitations, and,
in a few instances, special shielding. During ground checking and
testing, the source is more intense, because of the higher production
efficiency of the targets encountered. In order to protect the person-
nel who are near the equipment, several steps were taken. ,

1. Radiation was contained as much as possible at the source, by
thoroughly shielding the electron beam catcher. Using a low=
atomic-number beam stopping material (graphite) also mini-
mized radiation from that source.

2 Rope barriers were erected to keep personnel s safe distance
away from the source. (Radiation decreases as the inverse
square of distance).

3. Adequate monitoring instruments were kept availsble and con-
tinuously utilized to measure the radiastion flux in occupied
areas. Both lonization chamber and geiger counter radiation
instruments were utilized for survey work, and all personnel
assoclated with the project were issued film badges. In addi-
tion, a supply of pocket ionization chamber dosimeters was
obtained to help any individual estimate the dosage received during
actual operation of the gun.

Y, Supplementary portable lead shields were used, especially in
the laboratory, for those few instances when close proximity

to the equipment was reguired for observation or adjustment.

With these procedures and Precautions, no excess radiation exposures

were experienced, as evidenced by the film badge records.
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6.06. Recommended Modifications

Introduction:
Experience with the elements of the system during the develop-

ment phase and in operation suggested many points which could be
improved in any extension of the approach. Many of these points have
been recognized from the time they were adopted as quick substitutes

for more satisfactory solutions with unacceptably long lead tlmes,

others were dividends of the experimental programs.

Gun:
1.
S
2e
3.
.

Insulator
Incorporating the new "pancake" style insulator will allow the

use of a much shorter stem and thereby raise the natural
frequency of the cathode and stem support assenmbly. The suc-
cessful laboratory trial of the prototype suggests concen-
tration on this approach. The short insulator will also allow
a considerable weight and size reduction in the trensition
section on future designs.

Cathode Assembly and Stem

The plug-in cathode assembly replaces a heavy, complicated

and sensitive cathode. Replacement in the field is currently
a major effort which will be greatly simplified with the plug~
in feature. The riew design is also much lighter in welght,
which further raises the natural frequency of the cathode and
stem support assembly.

The stem design is shorter to keep the cathode~to-anode spacing-
the same as the present unit, while incorporating the new
insulator. The new stem also is lined with copper to help
transfer heat from the cathode assenbly back to the gas cool-
ing of the power supply.

Anode Tilt and Adjustment

Some rework in this area is necessary to insure positive motion
of the anode plate with no conceivable backlash or play. Some

Approved For Release 2000/05/04 : CIA-RDP67B00657R000300080001-9
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! simplification is also warrented in this area since not all

<=0+ of the incorporated features are presently used.

L. Isolation Valves
The N3 orifice should be valved‘rather than N2 plus the ejector.
This will completely éliminate the ejector valve. This was not
done on the first units because of the complexity of the design
and the short time available. '

. Power Supply:
L. High Voltage Surge Resistor ,
The high voltage surge resistor has failed a number of times
and should be redesigned to take the load more reliably. The
‘ mechanical support and spacing surely add to the problem and
should be redesigned.
- 2+ 8ix Pin Connector , _
If it proves impractical to relocate the power supply positive
lead, the six pin connector on the tank should be chénged to
one which will withstand the gas pressure load, high tempera-
ture and low ambient pressure.
3.- Gag Cooling lLoop
The gas cooling loop in the power supply should be modified |
' to'provide cool gas to hot spot areas. The present cénfigura-
tion just pulls the gas across a heat exchanger and cools but
does hot direct the gas to any particular location.
4. Lead Channels
The internasl leads to the power supply connector are presently
taped to the walls of the power supply housing and can come loose
and possibly cause arcing. Channels securely fastened to the |
housing should be provided for all leads.
5. Modify Current-Monitorihg Technique
- Under fault conditions, the present arrangement gives unaccept-
ably high_vpltages on the current monitoring lead. These in
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cause failure of other parts wired to the same connectors.

Cursory attempts to limlt the voltage rise on this lead have
not been completely successful. ~ A thorough analysis of the
problem 1s expected to produce a satlsfactory solution, how-

ever.

Cooling System:
1. Pumwp
A new pump should be considered for use in the cooling loop.
The motor should be 500 cycle, 3 phase to get away from the
brush wear problem encountered with the 2k volt de motor in
the present system.
2. Sight Glass
| There ih no way of checking the water flow in the closed loop ‘
portion of the coollng system. A sight glass in the system ;
at an accessable position would enable a visual water check. :
3« General
A complete re-evaluation of the cooling system should be made
in view of past problems. Consideration should be given to
the possibility of steady state operation.

Mounting:

1. 8lip Joints
Beam axis movement should bhe consldered 1f slip Jjoints in the .
chine blankets are to be incorporated in the installation.

- 2. Access

' Better access should be provided to facilitate maintenance and

check~out. The present access door is just large enough to ) ' ?‘;
Permit check out but not large enough or located to permifgﬁ ‘ ;
minor maintenance. ‘

-3+ Ramp
A permanent ramp should be installed to eliminate the need for
re-gsealing every time the skin panel is removed and re-installed.
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Environmental Test, Loads and Temperatures:

The gun should he subjected to the vibration loads and tem-
peratures encountered during actual opera.t‘ion to determine structural
integrity. The gun should also be operated and performsnce checked
at actual conditions expected.

Support Equipment: 7
1. Service Cart
The carts should be i'edesigned 80 units can be checked out
v more readily and also be more presentsable. .More safe?lty
7 devices should be added to prevent check-out faillures.
2. Catcher

A heavy duty catcher should be deslgned to handle the full ‘

output of the gun. The present catcher was not designed to

handle full power.

With the inclusion of these modifications, elther in the

.presently exlsting equipment, or in a new, redesigned system, it is |
R felt that trouble-free, reliable operastion would be obtained.
4
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